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underwater at a higher voltage 


and for a longer distance 
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These are features of the 91 miles of 138,000 volt 
submarine power cable linking Vancouver Island 
to the Mainland. 

It was made for the British Columbia Electric 
Company in a specially designed factory by 
BIC (Submarine Cables) Ltd ; transported in 
c.s. Ocean Layer ; installed and tested by 


Manufactured 


Installed 


BIC Construction Company. 


BRITISH INSULATED CALLENDER’S CABLES LTD. 
21 Bloomsbury Street, London, W.C.1 
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The Durance Project 


N France much importance is very rightly being 
ieee to the Durance scheme, not only for the 

much-needed contribution it will make to the power 
network, but also because of the vital role it will play 
in agriculture. As an energy producer the Durance has 
a potential of 10,000 million kWh per annum, of which 
more than half will be harnessed in the immediate 
scheme and the remainder left to a later date. As 
regards agriculture, 187,500 acres are at present irri- 
gated by the river and one of the objects of the scheme 
is not only to make the irrigation of this large area 
more secure but also to bring a further 62,500 acres 
of arid land, that is now quite useless, into active crop 
growing. 

These facts were stated in a paper presented by 
Mons. Raymond Giguet to a joint meeting of the In- 
stitution of Civil Engineers and the Société des 
Ingénieurs Civils de France, on December 6 last, in 
which he outlined the scope of the scheme and gave 
some account of the Serre Poncon dam, which will be 
constructed of compacted alluvium, with a clay core, 
and will be nearly 400 ft. in height. 

The Durance, after the Sane, is the most important 
of the tributaries of the RhOne, and in its exploitation 
three main considerations come into the picture—the 
torrential regime of the river, the power potential and 
the agricultural element. The torrential floods, which 
occur in spring and autumn, frequently inundate the 
cultivated land on both banks and are apt to be par- 
ticularly severe when the autumn rains coincide with 
the melting of the preliminary snow falls on the Alps. 
In summer. however, the flow has to depend almost 
entirely on the melting of the glacial reserves held in 
the upper basin and is insufficient to feed the irriga- 
tion canals. These glaciers are of limited extent and 
what is more, they are retreating, a fact that is giving 
rise to some anxiety. In the lower part of the river the 
summer flow may fall as low as 45 cu. m. per sec. as 
against a maximum recorded flood flow of 6,000 cu. 
m. per sec.—a discrepancy which gives every empha- 
sis to the need for regulation. On the positive side, 
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however, the mean annual flow is substantial, and 
another favourable feature from the power-generation 
standpoint is that the slope of the river bed is prac- 
tically constant at a gradient of 3 : 1,000 from the mid 
valley to the lower valley as far as the confluence with 
the Rhone. 

As Mons. Giguet explained, a first requirement was 
to even out the flow by creating storage reservoirs; an 
important dam was constructed on the Verdon, at 
Castillon, a few years ago, and three further dams are 
now projected at key points, viz. the Serre Poncgon 
dam on the Durance, the St. Croix on the Verdon, and 
the Serres on the Buech. By far the largest of these is 
the Serre Poncon, which commands a run-off area of 
3,600 sq. km., will have a normal water-level eleva- 
tion of 780 m. and a utilisable capacity of 900 million 
cu. m. With the existing Castillon dam included the 
four storage reservoirs will hold a utilisable reserve 
of 1,740 million cu. m., equivalent to 2,060 million 
kWh. It was proposed, Mons. Giguet stated, that these 
reservoirs should serve 17 hydro-electric stations on 
the Durance, three on the Buech and four on the 
Verdon. An interesting feature of the scheme is that 
just below the confluence of the Verdon with the 
Durance an intake will feed into a canal which will 
first run parallel to the Durance, providing three suc- 
cessive power stations with a flow of 250 cu. m. per 
sec., and will then branch off southwards through the 
Lamanon pass and descend through two further power 
stations (Salon and St. Chamas) to end up in the Etang 
de Berre at sea level. By these means, the length of 
the route is shortened by 20 km. and 12 m. of head 
will be gained compared with leading the canal into 
the Rhone. This shorter route will be about 80 km. 
long and will take the Durance into a path it followed 
at the beginning of the Quaternary Age, when it flowed 
directly into the Mediterranean. All excess flow above 
250 cu. m. per sec. will, of course, follow the normal 
route to the Rh6ne, and the storage facilities pro- 
vided by the new dams will make the flow to the irri- 
gation canals much more regular and secure. Opera- 
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tions on the Serre Poncon dam, which is the major 
item in the whole scheme, were begun in January 1955. 
Some very difficult problems were presented by the 
site, for although the watertightness of the basin, dug 
out of black marl, could be assured, the foundations 
gave rise to anxiety. Borings in the river bed indicated 
that the ancient valley of the Durance was overlain by 
no less than 60 m. of alluvium; moreover large quan- 
tities of hot, sulphurous water gushed out of the bore- 
holes and the rock itself proved incapable of with- 
standing the stresses that a concrete dam—which it 
was at first proposed to build—would impose. In con- 
sequence, it was decided to build the dam of com- 
pacted alluvium of which there were ample quantities 
available. A further circumstance favouring this deci- 
sion was that there was an abundance of good-quality 
clays in the locality for constructing the vertical water- 
tight corewall. The construction will stand 120 m. 
above the present level of the river bed, will be 650 
m. thick at the base and will require 14 million cu. m. 
of material. Some 2 million cu. m. of argillaceous 
clays will go into the centre corewall, which will be 
flanked by 12 million cu. m. of alluvium to ensure 
stability. The accompanying power station will be 
underground and will contain four vertical sets with 
a total capacity of 360,000 kVA. 

Such then is the Durance project in outline, but its 
importance is such that we propose to deal with some 
of the finer points in a future article. 


The Vajont Dam 


NortwitHsTANDING the difficulties due to the 
freezing of the electric power rates in Italy, some im- 
portant plants have been recently undertaken, among 
which the Vajont dam (near Belluno, North Italy) is 
one of the most noteworthy. Preliminary work on the 
construction of this large arch dam is already in pro- 
gress. The contract was awarded by the Societa 
Adriatica di Elettricita, Venice, to the Impresa Ing. 
Giuseppe Torno e C., Milan, last September. The dam 
will be built across one of the deepest gorges in the 
Alps, on the bottom of which flows a tributary of the 
River Piave that joins the river near Longarone. The 
dam will be dome-type. overflowing, 263-50 m. high, 
and is believed to be the highest arch dam in the 
world. It will have a crest length of 170 m., crest 
chord of 158 m., and a base thickness (at the centre of 
the arch) of 23 m. Thickness will decrease from 23 m. 
at the bottom (el. 462 m.) to 15-70 m. at el. 550, 13-40 
at 610, 10-50 at 660, 3:90 m. at 722-50, maximum nor- 
mal water level of the reservoir. Maximum upstream 
overhang (in the lower part) will be 5%, and the maxi- 
mum downstream overhang (upper part) will be 
nearly 25%. A perimeter joint as well as eleven 
vertical and 3 sub-horizontal construction joints are 
planned. 

The dam will create a reservoir of 150 million cu. m 
storage. The new reservoir will complete the water 
storage of the large Piave-Boite-Maé-Vajont scheme, 
which includes three more reservoirs already operat- 
ing, interconnected by a tunnel system over 40 km. 
long. The water stored in the Vajont reservoir will be 
taken in by the main tunnel and conveyed to the under- 
ground Soverzene power station, which is in opera- 
tion with four 55,000 kW groups. 

Plans have been designed for the hydraulic connec- 
tion of this scheme with the neighbouring scheme 
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developed on the River Cellina, as the two river basins 
although adjacent have complementary hydrological 
characteristics. The Vajont reservoir will be the key 
of this interconnection; it will supply with regulated 
flow the power stations of the Cellina river during its 
low-water periods, while receiving water from the 
Upper Cellina when requested by the Piave Scheme. 
Other reservoirs situated in the lower part of both 
river basins will serve also a large irrigation system. 


Progress in Portugal 


THE annual report for 1955 on electricity-supply 
installations in Portugal, issued by the Ministry of 
Economics of the Portuguese Republic, discloses 
continued increase in electricity production and a con- 
tinuance of the swing over to hydro-electric genera- 
tion that commenced in 1950. In that year hydro- 
electric capacity was about 150 MW whereas thermo- 
electric capacity was about 200 MW, but thereafter 
the curve of hydro capacity abruptly rose and has 
climbed steadily to a value of 681-5 MW in 1955. By 
comparison, thermal capacity has risen to only 210 
MW. In 1950 production from the two sources was 
roughly equal at about 500 million kWh each, but in 
1955 hydro-electric production was 1,726 million 
kWh whereas thermal production had actually fallen 
to 165 million kWh. By comparison with 1954 total 
production, at 1,890-5 million kWh, represented an 
increase of 13°96%: hydro-electric production in- 
creased by 18-93% and thermal production fell by 
20-75%. 


Prospects in Newfoundland 


In his speech to the shareholders’ annual meeting of 
the British Newfoundland Corporation Limited, the 
Chairman, Mr. B. C. Gardner, spoke of the survey of 
the Hamilton Falls site mentioned in an Editorial 
Note in our September issue. He stated that the engin- 
eering estimates resulting from this survey had been 
independently checked, and the Board was satisfied 
that the development was more than an economic pos- 
sibility. It was hoped to have the 100 mile access road 
completed by the winter. A water-power field sur- 
vey was also in progress in the Island of Newfound- 
land to meet the power requirements of recent mining 
activities there, and a visit of inspection had been paid 
to the Baie d’Espoir region. 


Ceannacroc and Kilmelfort Stations 
Commissioned 


THE North of Scotland Hydro-Electric Board have 
brought into commission their new Ceannacroc station 
in upper Glen Moriston, Inverness-shire, and the 
Kimelfort station in Argyll. 

Ceannacroc is the first station of the Board’s Moris- 
ton scheme to come into production. It is situated 
underground and has a main turbo-alternator of 
16,000 kW and a 4,000 kW machine for maintaining 
the compensation flow of the river below the station. 
The turbines, operating under a gross head of 296 ft.. 
will have a total average annual output of 70 million 
kWh. The Board’s works in the upper part of Glen 
Moriston consist of a dam at Loch Loyne from which 
the water passes through a tunnel to Loch Cluanie 
which has been enlarged by a dam at its eastern end. 
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Water is brought from Loch Cluanie by a 24 miles 
long tunnel to Ceannacroc power station and is dis- 
charged by a tailrace tunnel into the River Moriston 
near Ceannacroc Bridge. 

The Kilmelfort station has a capacity of 2,000 kW 
and was described in our August issue, to which 
readers are referred. 

The civil engineering consultants for the Moriston 
scheme are Sir William Halcrow & Partners; the elec- 
trical and mechanical consultants are Messrs. Ken- 
nedy & Donkin. For the works in upper Glen Moris- 
ton, the main civil engineering contractors are The 
Mitchell Construction Company; the main _turbo- 
alternator was manufactured for the English Electric 
Company by Harland & Wolff at Scotstoun and the 
smaller machine was made by the Harland Engineer- 
ing Company, Alloa. Mr. Robert Hurd, B.A., 
F.R.L.A.S., was responsible for the architectural 
features. 

The civil engineering consultants for the Kilmelfort 
scheme are Messrs. Kyle & Frew; the electrical and 
mechanical consultants are Messrs. Strain & Robert- 
son; the main civil engineering contractors are R. J. 
McLeod (Contractors) Ltd.; the turbine was manu- 
factured by Gilbert Gilkes & Gordon Limited, and 
the generator by Bruce Peebles & Company. The 
architect for the power station and other features was 
Mr. Ian Lindsay, B.A., A.R.S.A., F.R.LA.S. 


T.V.A. Order for English Electric 


Two of the largest three-phase transformers ever 
built have been ordered by the Tennessee Valley 
Authority from The English Electric Co. Ltd. for the 
Authority’s new power station at Gallatin, Tennessee. 
Their capacity is 345.000 kVA each and they are to 
transform the generator pressure of 22:5 kV up to the 
transmission voltage of 165 kV. The value of the con- 
tract is over £300,000 and the transformers will be 
built in the English Electric works at Stafford. They 
will form one of the heaviest loads ever shipped from 
Britain. 


New North Island Project, New Zealand 


A NEW project is being investigated in the North 
Island of New Zealand with the object of divert- 
ing extra water into Lake Taupo and so increasing 
the capacity of the hydro stations on the Waikato 
River system. It is believed that this scheme would 
enable up to 300,000 kW of extra capacity to be ac- 
commodated. 

The keypoint in this proposal is Lake Rotoaira, a 
smallish lake 12 miles south-west of Turangi; streams 
would be diverted into this lake from as far as 50 
miles away. and would include the headwaters of the 
Tongariro and Wanganui Rivers and a tributary of 
the Rangitikei. When diverted into Lake Taupo, this 
extra water would put up the available outflow into 
the Waikato River by one quarter. 

Four of the field staff from Sir Alexander Gibb & 
Partners. the consultants who designed the Atiamuri 
power station, are at work on the preliminary investi- 
gations and have under consideration the diversion 
into Lake Rotoaira of some of the water from the 
Moawhango River—a tributary of the Rangitikei 
River rising east of Ruapehu and flowing south— 
and some from the upper Tongariro where it leaves 
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the eastern flanks of Ruapehu and flows north. 

This water would have a sufficient fall into Lake 
Rotoairi to generate some power on the way, but 
how much is still to be determined. Other water 
would also be diverted into this lake, but with less 
fall, from the headwarters of the Wanganui River 
and two of its tributaries, the Mangatepopo Stream 
and the Whakapapa River. These rise on the north- 
western flanks of National Park. 

The long diversions would be by tunnel and open 
cut. Preliminary studies suggest that the water from 
the Moawhango and Tongariro watersheds would 
have initially to be raised by pumps, but that there 
would still be a surplus of power from this part of 
the scheme. 

From Lake Rotoaira the water collected from all 
these rivers would be run down through a power 
station into Lake Taupo, 12 miles distant and some 
670 ft. below. This could result in extra capacity be- 
ing installed in the Waikato power stations or more 
extensive running of the existing plant. As the designs 
of the new stations are not altered so far, the second 
alternative appears the likely one at present. 

Many interests are having to be consulted even in 
the investigational stage. Most of the land involved 
is owned by Maoris who however have shown every 
willingness in giving facilities for the surveying par- 
ties. Incidentally, the Tongariro is a famous fishing 
river, and investigations there are being made in co- 
operation with the fisheries section of the Depart- 
ment of Internal Affairs. 


Power Export from Yugoslavia 


THE Committee on Co-ordination, established by 
the Electric Power Committee of the United Nations 
Economic Commission for Europe, has noted with 
satisfaction that a syndicat d’etudes will be formed to 
carry forward the Yugoslav power export scheme 
known as Yougelexport. The decision to form the 
new organisation was taken recently by the repre- 
sentatives of the Electric Power Industries from 
Austria, the Federal Republic of Germany, Italy and 
Yugoslavia. 

The aim of the new organism will be to formulate 
means for realising the possibilities of exporting elec- 
tric energy from Yugoslavia. Steps will be taken to 
open contacts and enter negotiations with banking 
institutions and national enterprises, as well as with 
international organisations which might participate 
in carrying out the projects, and to prepare the text 
of the corresponding contracts. 

The new organisation will maintain relations with 
the Committee on Co-ordination, with the aim of 
keeping the Committee informed of its work, secur- 
ing the Committee’s help in carrying out its tasks. 
Earlier studies of the “Yougelexport” project de- 
monstrated the possibility of building on Yugoslav 
territory four central hydro-electric stations whose 
production would be exported to Italy and the 
Federal Republic of Germany over a network of 
380 kV power lines. Austria’s interest in the project 
is mainly in effecting a seasonal exchange of energy 
with Yugoslavia and as a transmitter of energy to the 
Federal Republic of Germany. Total exportable 
energy is estimated to be about 4,300 million kWh. 
The cost of the entire project has been estimated at 
about $377 million (U.S.). 
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General view of lower storage works showing concrete gravity section and earth embankment 


The Glen Shira Scheme 


This project, promoted by the North of Scotland Hydro-Electric 

Board, is designed for peak-load purposes and will be capable 

of generating 80 million kWh per annum at a load factor of 
20 per cent. 


PART 


HEN at Glen Shira it is difficult to confine one- 
W cat to purely technical matters for the scenery 

is magnificent and the ground is rich with his- 
torical associations. It was down the Shira valley that 
Montrose led his gallant band of followers into the 
heart of the Argyll country in the time of Charles I: 
and later it afforded a refuge for the notorious Rob 
Roy, the walls of whose “biggin” can still be inspected, 


though in a somewhat desolate state. Furthermore, 


the courthouse in which James Stewart of the Glens 
was tried for the murder of Campbell of Glenure—a 
story that is kept green in the pages of “Kidnapped,” 
by Robert Louis Stephenson—still stands on the s2a 
front at Inveraray, very much as it did in 1752, when 
James was condemned, and subsequently hanged, for 
a crime of which everyone knew him to be guiltless. 


4 


ONE 


Perhaps it is that romantic incidents of the past 
merely qualify the romance of the present, for surely 
there is romance in creating wealth in a district that 
has always been notoriously poor and in the 17th and 
18th centuries was virtually poverty stricken. 

The scheme has a natural catchment area, above 
the storage dam, of just over 44 sq. miles, but it has 
been found practical to enlarge this by diverting the 
upper reaches of streams which normally flow into 
Loch Fyne or Loch Awe. As is typical of a glaciated 
valley the slope of the Shira glen is very evenly 
graded and it is only above the 900 ft. datum that 
the ground flattens and there are two suitable 
natural storage basins at what must have been the 
top of the snowfield, where the ice moved very slowly. 
A sequence of dams in the lower reaches of the 
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Fig. 4. Upstream view of main dam 


valley was not thus practicable and it was decided 
to develop the scheme with a main reservoir having 
a top water level of 1,108 ft. and a storage capacity 
of 750 million cu. ft. Into this the natural run-off 
from a catchment of rather over 4} sq. miles is 
directed, supplemented by the flow from approxim- 
ately 8} sq. miles of auxiliary catchments diverted 
from neighbouring valleys. 

Below the main reservoir, auxiliary storage capac- 
ity is afforded in the lower reservoir which has its 
upper water level at an elevation of 970 ft. and a 
capacity of 55 million cu. ft. In addition to the small 
natural catchment area of this reservoir, the con- 
struction of the lower dam has made it possible to 
divert the flows from the Beinn Ghlas, Brannie, Kil- 
blaan and Clachan Burn areas, thus bringing an 
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additional 8 sq. miles of catchment into the scheme. 
Of these four streams all but the first are diverted 
directly into the main pressure tunnel, and the in- 
takes are so arranged that when the main generat- 
ing station is not operating the flow is reversed and 
feeds into the lower storage basin. The lower reser- 
voir thus commands a catchment area of 214 sq. 


miles on which the average annual rainfall is 
estimated to be 105 in. 
This two-stage arrangement was adopted as 


it provided the most economic form of development 
It is anticipated that spillage from the lower reser- 
voir can be eliminated by a combination of the fol- 
lowing means: (1) by largely utilising the storage 
capacity of the upper reservoir for balancing seasonal 
variations; (2) by controlling the output from the 
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Fig. 5. Schematic diagram showing juxtaposition of various works 
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Fig. 6. Details of typical round-head buttress, main dam 


upper dam in direct relation to the run-off from the 
lower catchment area; and (3) by operating the 
7,000 h.p. pumping plant installed in the power sta- 
tion at the foot of the upper dam to raise, as required, 
the inflow to the lower reservoir up to the main 
reservoir, by using off-peak energy, thus allowing the 
water to be conserved for periods of maximum 
demand. 

Provision is made in the scheme to pass com- 
pensation water. To this end, no water is abstracted 
from the River Fyne until the flow at the intake 
there is in excess of 3 m.g.d. (54 cusecs), and the 
terms also require that a minimum flow of 5 m.g.d. 
(9 cusecs) be maintained in the lower reaches of the 
River Shira, which induced “freshets” of 45 m.g.d. 
(80 cusecs) on 16 days, between June and September, 
for the benefit of the fish. 
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The Main Dam 

The upper dam is some 2,250 ft. long and has a 
maximum height of 133 ft. above the original bed 
level, the foundations being carried down a further 
15 ft. It is of the round-head buttress type and con- 
tains some 260,000 cu. yards of concrete. The foun- 
dations required the excavation of 135,000 cu. yards 
of rock and soil. The rock structure is very complex 
and comprises soft phyllite with hard bands of 
quartzite and quartz schist, and a fairly extensive 
zone of limestone. Relative costs for mass-gravity, 
slotted-gravity and rockfill dams were worked out 
but it was considered that the round-head buttress 
type was the most economical and best adapted 
to the rather difficult foundation rock. To allow 
for shrinkage effects in the concrete and to accom- 
modate variations in the behaviour of the different 
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strata under load the 37 buttresses were constructed 
individually with 5 ft. gaps between them, these gaps 
being subsequently sealed with wedge-shaped clos- 
ing sections that are not poured until the buttress § 
shrinkage is virtually complete. All the butting faces 
are coated with bituminous emulsion to permit free- 
dom of movement, and the joints are fitted near the 
upstream face with crimped copper seals behind 
which a recess of lozenge section has been formed 
to accommodate bituminous sealing compound. 4 
The maximum principal stresses calculated in a § 
plane through the centreline of the buttresses are 
given in Table I.* | 
In loading tests carried out on site, loads of up to | 
25 tons per sq. ft. were imposed on the foundation 
strata over areas of 2 ft. square; these indicated that 
the deformation to be expected under the highest © 
buttresses would not be more than 0-2 to0-3 in. In- | 
spection shafts are provided within ihe buttress 
heads and besides affording a means of keeping a 


TABLE I—STRESSES IN MAIN Dam (Ib. per sq. in.) 
Reservoir Reservoir 































Element of Structure full empty 
Maximum stress (compressive) 1n 
buttress head in plane of buttress 60 110 
Maximum stress (compressive) in 
Ee: aes 240 75 
Maximum principal stress at 
foundation level — .......ccccscsseess 150 105 
es . - -_ : of “The Glen Shira Hydrc-Electric Project."" Paper presented by Mr. 
Fig. 7. Downstream face of main dam, with gap oan tae aad po gg gg A gg FB mencgggy: Bon Be 
hetween adjacent buttresses Engineers, to the Institution of Civil Engineers, April, 1956. 
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Fig. 8. Draw-off section of main dam 
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Fig. 9. View of main dam taken in December 1955 


check on the drainage arrangements also serve a very 
useful purpose in assisting the dispersal of heat during 
the constructional period. A grout curtain has been 
injected under the cut-off to a maximum depth of 
130 ft., the quantity of cement absorbed, calculated 
over the vertical area of the cut-off, being equivalent 
to 0-67 Ib. per sq. ft. (dry weight); curiously enough, 
the limestone area absorbed no greater quantity than 
the other types of rock. 

For the hearting of the dam the concrete contains 
380 Ib. of cement per cu. yard and the maximum 
aggregate size is 24 in. Finer aggregate, 14 in. maxi- 
mum, is used for the exposed surfaces and the mix 
is richer, containing 615 lb. of cement per cu. yard. 
All the concrete is weigh-batched and three-quarters 
of the sand used consists of crushed rock obtained 
on site. This, together with the rest of the aggregate, 
is derived from the local epidiorite, while the im- 
ported natural sand has to be obtained from pits 
in the Loch Lomond area. The batching plant in 
use has a capacity of 100 cu. yards per hour and in- 
cludes two 2 cu. yard mixers from which the con- 
crete 1s fed by transfer track to two 10 ton radial 
travelling cableways. The cableways are arranged on 
a span of 2,100 ft. and operate 4 cu. yard skips. 
Mobile cranes, which can be transferred from block 
to block by the cableways, are also in use for 
handling the shuttering, thus relieving the cableways 
of this time-taking duty. On a 12-shift week this 
equipment is capable of placing 3,000 to 3,500 cu. 
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yards of concrete and in one week a peak of 4,000 
cu. yards was reached. Lifts of 5 ft. are the rule and 
immersion vibrators are used. As the buttresses are 
separated by intervals of 5 ft. there was no objection 
to adjacent blocks being built up concurrently, but the 
length of the pours in the stems of the buttresses 
was limited to 50 ft. as a precaution against shrink- 
age cracking. The inlet to the penstock follows a 
somewhat unusual arrangement in that it is situated 
directly above the scour opening; this has led to a 
very compact design and as one emergency gate 
serves either opening as desired a definite economy 
has been secured. 

The Sron Mor power station associated with the 
main dam is a steel-framed building clad in random 
masonry. It is equipped with a reversible pump- 
storage installation by means of which very sub- 
stantial operating advantages are obtained. The 
lower reservoir, which provides only 7 per cent. of 
the total, is supplied by 38 per cent. of the total 
catchment area. This excess of supply, however, can 
readily be taken care of in the ample capacity of the 
high-level dam, where it can be held in reserve for 
peak-load periods for use through a total head of 
about 1,100 ft. The pump-storage equipment also 
gives the scheme much greater flexibility and 
economy in operation as it enables the water in the 
lower reservoir to be held close to spillway level, so 
maintaining a maximum head on the main generat- 
ing station at Clachan. 
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Fig. 10. Sron Mor generating and pumping station 


The Sron Mor station is supplied by a 9 ft. 
diameter steel penstock, 240 yards in length, which 
is laid in a trench and surrounded with concrete. It 
operates on a gross head of 138 ft. and is provided 
with a horizontal Francis turbine coupled to an 
induction generator of 5,000 kW capacity. This 
motor/generator is mounted between the turbine and 
the centrifugal pump, the latter of which can be un- 
coupled to prevent windage and friction losses which 
would otherwise amount to about | per cent. of the 
power generated by the turbine. At full load the 
turbo-generator operates at an efficiency of 85 per 
cent. and absorbs a flow of 520 cusecs. When used 
as a pump the unit is capable of delivering 364 
cusecs against the maximum head of 143 ft. at an 
overall efficiency of 83 per cent., taking an input of 
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5,100 kW. Control of this unit is effected from the 
main power station at Clachan. 

Pumping is done at weekends or during any period 
when there is an excess in the lower dam. In this 
way, as the pumping head is only about one-tenth 
of the total head at which the pumped water will be 
available for power, the conservation of the water 
from the lower dam secures very substantial opera- 
tional savings indeed. This installation, which is 
essentially experimental, is the first of its kind in 
great Britain and its operational results will provide 
useful data for further developments of a similar 
nature, particularly as the whole conception of 
nuclear stations is based on high load-factor opera- 
tions, so that it will be necessary to consider ways 
of absorbing the energy generated at periods of low 
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demand. one of which would cer- 
tainly be by utilising hydro-electric 
pumped storage plants. 


The Lower Dam 

The only possible site for the 
lower dam was a line along which 
there were two lengths of low 
ground separated by a massive 
block of intrusive rock. On the 
eastern side there is a waterfall 
40 ft. in height and here the dam 
consists of a concrete gravity 
structure incorporating the spill- 
way. This has in no sense been 
designed as an arched structure 
but it is nevertheless curved in an 
upstream direction for two reasons 

to give adequate clearance be- 
tween the top of the waterfall and 
the spillway, and to make the best 
use of the rock abutments which 
nature has provided. The structure 
is curved to a radius of 300 ft., is 
400 ft. long and has a maximum‘ Fig. /2. 
height at spillway crest level of 
58 ft. It was poured in blocks 
34 ft. long leaving 6 ft. wide contraction gaps in 
between, which were subsequently closed after a 
period of eight weeks. The foundations consisted of 
phyllite containing bands of hard igneous rock and 
were injected to form a grout curtain. Little grout 
was absorbed, however, except in certain patches of 
the igneous rock which had been brecciated by fault- 
ing. Great care has had to be taken with the spilling 
arrangements in view of the proximity of the water- 
fali and the broken nature of the rock between the 
waterfall and the toe of the dam. Any significant 
erosion here might very well endanger the dam 
foundations, and model tests were conducted with 
different arrangements until a satisfactory design was 
obtained. The arrangement finally adopted consists 


Non-overflow 





section of lower dam, earth and _ rockfill 


construction 


of two distinct stilling pools; in the upper, the flow 
enters in the form of two impinging streams, that 
from the right-bank portion of the spillway being 
projected in a downstream direction while the left- 
bank stream enters at an angle because of the natural 
slope of the rock. The model tests revealed that the 
best results were obtained when the spill from the 
right-bank portion entered the pool above the level 
of the left-bank stream, and to this end a step has 
been constructed ranging from zero to 3 ft. 6 in. in 
height. The function of the lower pool is simply 
to distribute the flow evenly over the natural bed of 
the river and to form a standing wave when the scour 
and compensating valves are discharging. 

The low ground to the west of the intrusion is 





Fig. 13. Sron Mor generating and pumping Station 
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Fig. 14. Main dam in early stages of construction, with towers of 10-ton cableways in right foreground 


covered with moraine to a depth of 10 to 20 ft. and 
it was decided to erect an earth embankment along 
this stretch. This is 600 ft. long and has a maximum 
height of 53 ft. It is constructed of granular morainic 
material, derived from suitable borrow pits, and is 
provided with a reinforced concrete corewall with an 
articulated joint at the point where it joins the cut- 
off wall, which is extended well down into sound rock. 
This type of construction was adopted because local 
supplies of fill suitable for forming an impervious 
core when compacted, were both limited and too 
variable in quality to form a reliable watertight bar- 
rier. The concrete wall, 18 in. thick, is heavily rein- 
forced both horizontally and vertically and is in- 
geniously supported in a concrete saddle in such a 
way as to accommodate pressures induced by varia- 
tions in the compaction. 

This flexibility prevents any undue bending stresses 
being built up, and the joint at the base of the wall 
is effectively sealed with bitumen and clay. A series 
of experiments carried out to determine the best 
type of reinforcement to use established that square 
twisted main bars (B.S.1144), in combination with a 
layer of square twisted 4 in. mesh, wired to main bars 
on each face and spaced to give a minimum of | in. 
of cover, gave the best results. In constructing the wall 
6 ft. gaps—with the reinforcement projecting into 
them—were left between the 54 ft. pours. Particular 
care was taken with the construction joints, and all the 


]? 


outer surfaces of the wall were covered with bitumin- 
ous emulsion, the final coat being mixed with sand 
and applied with a trowel to resist any abrasive dam- 
age during the compacting of the fill. Both the up- 
stream and downstream layers of the fill were kept at 
an even height on either side of the corewall and were 
laid in 9 in. layers, compaction being effected by 8 ton 
smooth-wheeled rollers. Adverse weather conditions 
during the placing of the upper part of the fill caused 
the material from the borrow pits to contain an 
excess of moisture, and to expedite matters a propor- 
tion of rock spoil and crusher sand was used. A close 
watch on the alignment of the corewall was kept both 
during the compacting and filling periods; these 
checks revealed the desirability of keeping the fill on 
both sides of the wall at an even height during com- 
paction, but the filling of the reservoir caused no 
significant movement nor has any been observed 
since. 

Equipment for determining the pore pressure con- 
sists of a series of hollow plastic cases having porous 
sione discs which are buried in the fill as work pro- 
ceeds, the cases being connected to Bourdon gauges by 
small-bore polythene tubing. The whole installation 
was designed in consultation with Dr. L. F. Cooling 
of the Department of Scientific and Industrial Re- 
search and is available for permanent use for check- 
ing the behaviour of the dam. 

(To be continued) 
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Fig. 1. Intake excavations. The top quarter of the profile is basalt, B No. I, covering basic tuff with thin 
partings of clay 


The Rock Series at Irafoss 


This article discusses the geological investigations that were 

undertaken. and the geological problems encountered, in 

connection with the construction of the Irafoss underground 
station on the river Sog in Iceland* 


By TOMAS TRYGGVASON 


UNIVERSITY RESEARCH INSTITUTE, REYKJAVIK, ICELAND 


HE greater part of the water-power resources in 

Iceland occur in the Quaternary rock formations. 

In the Irafoss development all the types of rock 
characteristic of that period in Iceland were encoun- 
tered, and the experience gained during its construc- 
tion is therefore of special value for future enterprises 
of a similar kind in that country. 


Preparatory Research 

When the proposal to build an underground power 
station at Irafoss, on the river Sog in the south-western 
part of Iceland, was first considered, many questions 
had to be answered before the final decision could be 
taken. The first step necessary was to carry out a com- 
prehensive research, especially an extensive diamond 


* The Sog development was described by its Director, Mr. Steingrimur 
Jonsson, in Water Power, March 1955, page 84 
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core-drilling programme, in order to reveal the geo- 
logical character of the rock formations in the area. 
But even though the rock formations could be deter- 
mined with the desired accuracy, the knowledge about 
their technical properties remained fragmentary and 
hypothetical. Consequently, the erection of an under- 
ground power station had to be a pioneer work with 
all the risks attending such an undertaking. 

The topmost part of the geological profile was rela- 
tively easy to construct from the drillings, and the 
results obtained by the drillings could be checked by 
comparative field studies in the gorges of the water- 
falls. 

The interpretation of the drillings as compared with 
later studies of the subterranean excavations gave 
interesting information as to the possibilities and 
limitations of drilling as a method of preparatory re- 
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search in the rock formations in 
question. The boundaries between 
rock horizons of different litho- 
logical composition could be 
determined with satisfactory ac- 
curacy by studies of cores and 
washings, whereas other horizons 
of quite different origins could be 
mistaken one for another when 
similar in the lithological sense. 
Thus the palagonite was easily 
distinguished from the crystalline 
basalt and moraine, whereas a 
moraine rich in basaltic boulders 
might be mistaken for brecciated 
basalt or vice versa. (Fig. 3). 
As shown on the geological 


maps, the rock formations run 
practically horizontally in the 
area. The formations are of 


Glacial and Interglacial origin. In 
the geological profile Interglacial 
basaltic lava beds alternate with 
basic glassy tuff (or palagonite) and 
thin beds of moraine. The 40-65 
ft. thick lava bed B No. II forms 
the roof and large sections of the 
walls of the tailrace tunnel, the 
vault of the surge chamber, floor 
and walls of the power house. and 
the lower part of the penstocks. 
The roof vault of the power house, 
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ig. 2. Sketch map of Irafoss power scheme. Boreholes are marked 
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Fig. 3. Geological map of shaft, power house and draft tubes. Interpretation of borehole No. XIII for 
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the upper section of the penstcc! 
and the dam foundation are s... 
in the palagonite. Hence, the te_a 
nical properties of these two rock 
formations were evidently most 


important for the erection of the , 


subterranean construction work at 
Irafoss. 


The Basalt 

The basaltic beds of Quaternary 
age in Iceland can be divided as 
a rule into three different sections. 
The pentagonal bottom columns 
perpendicular to the cooling sur- 
tace are in the actual case 12-20 
ft. long and 2-3 ft. in diameter. 
They have a well defined boun- 
dary with the middle section, 
which is split up by contraction 
cracks into small pieces, non- 
columnar or in thin, irregularly 
oriented columns. The top section, 
strictly the lava, consists of more 
or less irregular hillocks of vesicu- 
lar basalt, full of small gas-filled 
cavities often of fluidal structure. 

Even if it were not known that 
subterranean constructions had 
been built in basaltic lava beds be- 
fore, nature has offered some facts 
encouraging for such an under- 
taking. The famous caves on the 
island of Staffa represent natural 
constructions of considerable di- 
mensions cut into columnar 
basalt of Tertiary age. Numerous 
caves occurring in the recent lava 
beds of Iceland are 35-45 ft. wide 
at their base (Fig. 6) and in some 
cases several thousand feet long. 

In order to get an idea of the 
technical properties of the basalt 
layer B No. II, and also in order 
to check up the interpretation of 
the bottom section of the borehole 
profile, a pilot tunnel was exca- 
vated into the rock below the 
basalt bed at the lower end of the 
projected tailrace tunnel. At this 
point the basalt is cut through by 
erosion, but acquires its normal 
thickness in a_ short distance. 
When the edge of the columnar 
basalt had attained the thickness 
of some 13 ft. it was strong 
enough to stand as a roof in the 
16-18 ft. wide pilot tunnel, and 
later even in the 26 ft. wide tail- 
race tunnel. 

Where the roof vaults of the 
constructions run in the bottom 
columns of the basalt, the fixed 
arch of the vault could not be 
kept. The columns displayed a 
tendency to break off level and 
to form a plane (as in Fig. 8) or 
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Fig. 5. Profiles from the tailrace tunnel showing overbreak under various 
geological conditions 





P. 90. The moraine and agglomerate im the roof are removed up to the lower surface of the 
basalt laver B No. I1 3 

P. 115. The roof vault runs in the bottom columns of the basalt layer j 

P. 185. The roof vault and the most part of the walls run in the middle section of the basalt 
laver 

P. 360. From the clayey agglomerate below the river 





Fig. 6. Raufarholshellir, a cave in the recent basalt on Cape Reykjanes, 
Iceland 
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Fig. 7 (right). Profile through a 
recent basalt bed in Iceland 
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Fig. 8 (below). Section of the 
auxiliary tunnel, the roof lies in 
the bottom columns of B No. Il 





slightly arched (Fig. 5, P. 115) 
roof. Also it is practically impos- 
sible to cleave the basaltic 
columns along their axis of elon- 
gation, as their flow structure runs 
perpendicular to it. Therefore, if 
a blast hole penetrates a column, 
the column generally gets frag- 
mented by the blast (Fig. 9). These 
properties caused some overbreak 
where the walls or roofs of the 
constructions run in the bottom 
columns of the basalt. 

The middle section of the basal- 
tic layer proved to be a better 
tunnel rock than indicated by its 
appearance (Fig. 10). Frequently 
scaled, it gave relatively safe sur- 
faces on walls and roofs, and the 
blasting limit could be followed 
without serious overbreak (Fig. 
5, P. 185). However, in order to 
avoid rock falls, the upper part 
of the walls of the power house 
had to be lined with wire netting 
covered with gunite. These pre- 
cautions were rather expensive 
and time wasting, but they seemed 
to be absolutely necessary for the 
safety of the workers. The rock 
that had to be lined was especi- 
ally the top section of the basal- 
tic layer and the uppermost part 
of its middle vesicular section. 

The homogeneity of the basal- 
tic beds, both B No. II and B No. 
III, is broken in places by zones 
of agglomerate. The agglomerate 
appears as irregular heaps of 
sharp-edged boulders of vesicular 
basalt containing fragments of the 
underlying rock, and filled up by 
glacial mud and clay. The agglo- 
merate is evidently syngenetic 
: and comagmatic with the basalt 
ies, layer in which it appears, and is 

Fig. 9. Wall section as Fig. 7 explained as result of explosions 





Sad 


7 


ariOUs 


. of the 


> basalt 





157 WATER POWER January 1957 17 








in the lava streams prior to their 
solidification. 

In contrast to the compact 
basalt, which proved to be of good 
drillability in spite of cracks and 
joints, the agglomerate and the 
top section of the basalt layer dis- 
played poor drilling characteris- 
tics, and it was especially difficult 
to clear out the blast holes before 
charging. The agglomerate gave 
tolerable surfaces and generally 
did not cause serious overbreak. 
The most critical occurrence of 
agglomerate was located in the 
tailrace tunnel under the river with 
only 46 ft. of rock between the 
roof and the river bottom. The 
rock was so clayey and soaked 
that it could be excavated in 
places without blasting. Water 
poured out of the blast holes and 
chunks of water-soaked clayey 
rock fell from the walls of the 
tunnel. For a while the situation 
looked critical, and support for 
walls and roof was discussed, but 
soon the leakage got confined to 
an insignificant well in the floor 
of the tunnel, through which the 
rock drained, and once drained, it 
could stand without support just 
as well as the other parts of the 
tunnel. 

The leakage in the basalt and 
in the constructions altogether 
proved to be negligible, evidently 
due to the presence of very fine 
particles of glacial clay filling 
every crevice of the rock. 


The Palagonite 
The basic tuff occurs predomi- 





Fig. 11, A view in the surge chamber 








Fig. 10. The roof of the tailrace tunnel runs in the middle section of 
the basalt layer 


nantly in the form of conglo- 
merate, where hydrated basaltic 
glass forms the ground mass 
containing small pebbles of basalt. 
The glass is a soft rock to drill, 
but the blast holes showed a ten- 
dency to get filled with pebbles 
from the walls, which impeded the 
drilling seriously, especially the 
drilling of vertical blast holes. 

The tuff is cut by numerous 
fissures in practically every direc- 
tion, which render it of doubtful 
reliability for roofs in big con- 
structions. The roof vault of the 
power house was therefore blasted 
out in sections, which were sub- 
sequently concreted (see descrip- 
tion on pp. 89-90 and Fig. 20 in 
Mr. J6nsson’s article). 

Except for rather high capil- 
larity, the palagonite is a water- 
tight rock, but a network of tec- 
tonic fissures cutting the head of 
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Irafoss rendered it open to suspicion as a foundation 
for the dam. Fortunately the fissures are filled by 
glacial silt and clay and are thus practically as imper- 
vious as the compact tuff. For security the dam foun- 
dations are cut some 6 ft. into the palagonite, and the 
leakage through the rock below the dam is negligible. 


Volcanic Ash and Moraine 

The tephra layer and the moraine beds met with in 
the subterranean constructions at Irafoss for the most 
part occurred in the walls of the constructions and 
therefore played a relatively unimportant part in this 
enterprise. The moraine beds are not cemented to any 
conceivable degree, but they are compacted and stand 
firmly in the walls of the constructions. The vault of 
the first 300 ft. section of the tailrace tunnel is sited 
in the moraine. It was not considered to be indurated 
enough to bear the vault, and hence it was blasted 
away. Thus the smooth and plane lower surface of the 


Kariba 330 kV Cable Order 


Cables operating at 330 kV, manufactured by 
British Insulated Callender’s Cables Limited, will be 
used in the Kariba hydro-electric scheme following 
an order authorised by the Federal Power Board of 
Rhodesia and Nyasaland. The cables will connect the 
underground power house to the overhead trans- 
mission lines, and one of the special features of the 
installation requires the cables to be installed in a 
vertical shaft 525 ft. deep. Three circuits, each con- 
sisting of three single-core 330 kV oil-filled cables will 
be provided, each having an impulse level of 1,500 
kV and a current rating of 500 A. They will be 
specially reinforced to withstand the high head of 
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Fig. 12. The mouth of the tailrace tunnel with safety balcony. Basalt resting on compressed moraine 


basalt layer B No. II served as a roof in this part of 
the tunnel until it was lined (Fig. 4, P. 90). 

The volcanic ash is slightly cemented and serves 
as a roof in part of the auxiliary tunnel. Where it 
occurs in the floor of the tailrace tunnel, it was too 
soft te bear traffic and had to be covered with rip-rap. 


The Climate 

The winter climate in south-west Iceland is charac- 
teristic through its frequent fluctuation about the freez- 
ing point, giving rise to intense surface weathering. In 
periods of freezing the most exposed constructions, 
such as the shaft, intakes, penstocks, open cuts, etc., 
got covered by icicles and crusts, which loosened and 
had to be scaled in the thawing periods. In the tailrace 
tunnel the frost caused some trouble only in the begin- 
ning. When the tunnel had become some 400-500 ft. 
long, the interior circulation of air in it kept the roof 
free from icicles. 








oil. These cables will be manufactured at the Erith 
Works of B.I.C.C. where the replanning and rebuild- 
ing of the power cable factory will enable the pro- 
duction of this type of cable to be carried out in 
accordance with the specific requirements of the 
Federal Power Board. The first consignment will be 
despatched in September, 1957. 

The site conditions at Kariba involve a number of 
unusual installation problems which will be en- 
gineered by the British Insulated Callender’s Con- 
struction Co., Ltd. The consulting engineers are 
Messrs. Merz and McLellan. 

Total orders already received by the B.L.C.C. 
Group for the Kariba hydro-electric scheme now ap- 
proach £34 million. 
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Aerial Survey for Hydro-Electric Planning 


This article discusses the application and possibilities of 


aerial surveying for determining contours, potential dam 


sites, 


capacities of potential reservoirs and other data 


required for hydro-electric schemes 


ERIAL survey, or the construction of contoured 
Avana highly detailed maps from aerial photo- 

graphs, has been carried out over very large areas 
in various parts of the world for development, land 
use and engineering development planning, and one 
of its most valuable applications is the field of hydro- 
electric generation. Of the many points which com- 
mend this method of topographic mapping to the civil 
engineer, three outstanding ones can be quoted— 
namely, the speed and convenience with which it can 
be done, the fact that as much or as little detail as 
the client calls for can be incorporated, and the ease 
with which the scale can be controlled. 

In the initial stages of a hydro-electric project, it 
often happens that the nature of the terrain will dic- 
tate the approximate position of the dam site, and it 
then becomes vital to know as much as possible about 
the shape of the catchment area, and the characteris- 
tics of the reservoir area—what its geological struc- 
ture is, for instance, and whether it is watertight, and 
what the cubic contents will be for each given water 
level. If this knowledge can be obtained sufficiently 
precisely and in a reasonably short space of time, the 
detailed economics of the project can be deduced early 
in the programme and other important data can be 
obtained at the same time—whether complete regula- 
tion would be achieved and what the firm power out- 
put during the year could be expected to be. It is also 
obviously important to know how variations in water 
level would affect any roads, railways, or buildings 
which might be anywhere near the reservoir area, and 
what the effect of another eighteen inches of water 
would be upon their foundations. 

Moreover, potential water-storage areas sometimes 
have their sides fairly steep—steep enough to make 
ground survey methods extremely slow, expensive and 
arduous, and indeed in many cases humanly impos- 
sible. Ground surveyors might be involved in con- 
siderable personal risks in the measuring of contour 
shapes which are so important to the calculation of 
reservoir capacity, and thick vegetation would also 
tend to hinder their work. Aerial map-making 
methods are not restricted in this way, since it is as 
easy for an aircraft to perform a photographic run 
over dissected and mountainous country as it is over 
a perfectly flat area. 

The cameras carried in the specially modified air- 
craft which this work demands are high-precision in- 
struments, with electrically-driven automatic overlap 
timing and exposing a special non-distorting film, 
carried in 500 ft. lengths in magazines; a frequent 
format size for the negative is 9 in. x 9 in. The survey 
aircraft covers the country in a series of parallel lines, 
and the camera’s shutter timing is so arranged that 
each point of terrain is photographed at least twice. 
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Fig. 1. Hunting Percival Survey Prince aircraft pre- 
paratory to taking off 





Fig. 2. The aerial photographs are taken in strips in 
such a way as to ensure a correct amount of overlap 
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Fig. 3. A view of the laboratories at Elstree showing Wild A5 and A6 plotting instruments at work, mapping 
from aerial photographs 


These two exposures of one ground point are known 
as a stereo-pair; when they are placed in a stereo- 
scopic viewer, the terrain will appear in relief, and 


so finely built are the survey cameras—Williamson 
and Wild instruments are used by the Hunting Aerial 
Survey Companies—that the very highest standards 
of definition and quality are achieved on the photo- 
graphs. When the vertical coverage of the areas has 
been obtained, the films are sent back to the labora- 
tories to be processed, and glass diapositives are made 
of each exposure. The two diapositives making up one 
Stereo-pair are then placed in the stereo-plotting in- 
strument, which draws precision contoured maps to 
whatever scale the client has asked for. Making 
measurements from aerial photographs is known as 
photogrammetry, and it is a science which has reached 
a very high degree of accuracy indeed on account of 
the design of the massive plotting instruments and the 
skill of the photogrammetrists who operate them. 
Through the twin eye pieces of the instrument is seen 
a vertical three dimensional image of the land form, 
and also a small datum point which can be moved in 
azimuth and up and down by means of the hand-foot 
wheels controlled by the photogrammetrists—the lat- 
ter is set by micrometer control at a selected height, 
and then slowly moved round the edges of the land 
form at this constant height while a pencil, coupled to 
the system, draws the contour thus produced on non- 
distorting material at the side of the instrument. 
Rivers, roads, coastlines and vegetation are all simi- 
larly treated by moving the datum point along their 
edges, and since the quality of the photographs re- 
veals all the ground features, the client can specify 
exactly how much detail he wishes to be incorporated 
in his map. 
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There is an additional set of data which is fed into 
the instrument before plotting of each stereo-pair 
begins, and this is ground control. While the vertical 
aerial photography is in progress, ground surveyors 
are positioned by helicopter or surface transport— 
depending upon the ruggedness of the terrain—at 
easily identifiable points, such as the pyramidal peak 
of a headland or at the tip of a diamond shaped wood, 
and by altitude measurements and triangulation they 
measure the position and height above sea level of 
each ground control point. This information, sent 
back to the laboratories, is fed into the instruments as 
plotting proceeds, the ground control points being 
marked on the photographs by pin-point reference 
marks and set up to coincide precisely with the height 
and position indicators in the instrument. This is very 
delicate work, and so exactly can the tilt of each dia- 
positive be adjusted that accurate contours one and a 
half or two metres apart can be plotted on a landform 
at a scale of | in 20,000. As each pencil-drawn sheet 
is completed, it is removed from the instrument and 
taken to the drawing office, where separations in deep 
etching ink are prepared for eventual colour printing 
by offset litho. methods. Mapping can therefore be 
carried out to any scale by varying the height of the 
photographic aircraft and the setting of the plotting 
machine, and contours of even the most steep-sided 
valley can be drawn at the optimum intervals. The 
client can thus be provided with maps printed in up to 
five or six colours, and if he so desires one portion of 
the area can be plotted at a different scale from the 
remainder. 

The advantage to be gained from the accurate and 
rapid close contouring, of course, is obvious; reservoir 
cubic capacity can be calculated for every water level, 
21 








Fig. 4. Vertical photograph of Claerwen dam — one of a series for the purpose of preparing a plan of the§ 
reservoir area on a scale of 1/2,500, with 5 ft. contours 
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Fig. 5. View of Ripon Falls, Uganda, above the site of Owen Falls dam and power house 
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and if there are any points in the terrain along the peri- 
meter of the proposed reservoir area below the level 
to which the water will rise in conditions of abnorm- 
ally heavy rainfall, these will immediately become 
apparent. The size of the catchment area can also be 
arrived at, and as explained in the next paragraph a 
study of the nature of the area can be made to yield 
run-off information where flow data are limited. The 
civil engineer, incidentally, can make a thorough 
appreciation of a projected area before the plotting 
of maps actually starts by examining stereo-pairs 
through the viewer. In the case of one hydro-electric 
scheme in Africa, where the terrain was characterised 
by a series of falls and rapids interspersed with 
stretches of slow-moving water, a photogrammetrist 
was able to run a direct profile down the watercourse in 
the plotting instrument; this gave consulting engineers 
the chance to see which head of water would be most 
suitable. Because of this immediately available in- 
formation, it was possible to measure the fall of 
water over every rapid, and the task of choosing the 
best site in six or seven alternatives was greatly 
facilitated. 


Regional Geology 

The photographs from which the maps have been 
plotted can be used for another purpose which has a 
very large bearing on the planning of reservoir and 
dam sites—geological interpretation. The vertical 
aerial camera has become a valuable tool for the 
geologist and it is very widely used in the search for 
minerals in many parts of the world. To the trained 
eye, patterns and tones which might be associated with 
various geological characteristics and formations 
show up very clearly on the print—far more clearly 
than such features would from ground level, and selec- 
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Fig. 6. Roseires dam site, Sudan; this reservoir area is being mapped from aerial photographs at a scale 
of 1/2,500 with 2 m. contours 










j 


tive ground investigations are made possible because 
one can at once see where to go in the field to identify 
doubtful features. A rapid appreciation of the geology 
of a proposed reservoir site can therefore be carried 
out, to ensure that the rock is, in fact, watertight, and 
similar treatment can be given to the dam site in 
order to analyse the various constructional problems 
which will be involved if building were to be under- 
taken at any particular point. 

One example of photogeology revealing a weakness 
in a reservoir site was the discovery on the photograph 
of a large fault, or rock fracture and slip, which had 
to be plugged up to avoid seepage. The technique of 
photo-interpretation is a particularly interesting one, 
and although these interpretations come outside the 
subject under discussion, wide use is made of it in soil 
surveys, land classification, forestry inventories and 
for the study of large regional areas of geology. A 
close study of natural vegetation from these photo- 
graphs will show the relationship that exists between 
vegetation, the soil geology and other environmental 
factors; the boundary between two different soil types 
often shows up very clearly, and a forestry expert can 
readily see divisions between different tree types, in- 
dicating areas for future clearance, thinning and re- 
development—an important aspect of the aerial sur- 
vey of Ceylon presently being carried out, where tim- 
ber plays an important part in that country’s exports. 

The vertical photography from which interpretation 
and the mapping is done is taken at an altitude which 
will allow a scale of 1/25,000 with 25 or 50 ft. contours 
during the preliminary area studies for a normal 
hydro-electric scheme; spacing of the contours de- 
pends on the steepness of the terrain, maximum spac- 
ing being used on very dissected country, while more 
closely spaced contours would be required to indicate 
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Fig. 7. Vertical photograph of Beacons reservoir, South Wales. The reservoir was emptied for the survey, which ¥ 


was undertaken to prepare plans of the area at a scale of 1/1,250 with 24 ft. contours 


the landform in flatter country. Detailed mapping of 
a reservoir area during the advanced stages of the 
scheme would be carried out at a scale of 1/10,000 
with 5-10 ft. contours. 

There is another factor in the planning of a hydro- 
electric scheme which is both interesting and valuable 
to the contracting engineers and this is the large-scale 
detailed model. The U.K. and Canadian companies 
of the Hunting aerial survey group, Hunting Aero- 
surveys and the Photographic Survey Corporation of 
Toronto, have their own model departments where the 
most highly detailed miniature structures complete 
with the correct colouring and contour shapes are 
built. A recent example of this was the working model 
of a spillway section in a dam project, which was 
made to a scale of a sixteenth and modelled in per- 
spex so that the behaviour of the water flow could be 
closely studied. Another example was the building of 
a general topographical model of the Owen Falls and 
surrounding countryside in Uganda when the whole 
project for the dam and the power station building 
here was in its embryo stages: the civil-engineering 
consultants, Sir Alexander Gibb and Partners, were 
faced with the difficult problem of explaining to those 
on the spot how the project would appear when com- 
pleted, and it was found that the general arrangement 
of the various sections of the work could be much 
more easily shown and explained on the model than 
in a considerable number of perspective drawings. A 
large-scale model was also built of the office block, 
control room and a portion of the power station and 
so designed as to be taken apart at the different floor 
levels. This proved most useful during the last stages 
of the design in planning the services to the power sta- 
tion and offices. The amount of work and craftsman- 
shiv put into these models is very considerable, and it 
is fascinating to watch them being built; terrain is 
correctly contoured in relief, ground surface is tex- 
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tured, and during the course of construction constant 
reference is made to stereo-pairs of the area studied 
through a stereoscopic viewer. 


Various Applications 

Work has been carried out for hydro-electric 
schemes in the U.K., Africa, Canada, South America, 
Iraq and Australia by the various Hunting companies, 
an example of the latter being some surveys in con- 
nection with the Snowy River Scheme by Adastra 
Ltd., of Sydney. The Aircraft Operating Co (Aerial 
Surveys) Ltd., are doing catchment area, reservoir and 
dam-site surveys for the Volta River scheme on the 
Gold Coast where under the projected scheme the 
existing lake would become an inland sea; the Photo- 
graphic Survey Corporation, in conjunction with 
Aeromapas Nacionales of Caracas (the Venezuelan 
Hunting Company) are carrying out a 225,000 acre 
survey of the Caroni River from which mapping at 
one in ten thousand with 5 m. contours will be pro- 
duced in the hydro-electric development schemes 
there, while the Pangani and Seven Forks hydro-elec- 
tric projects were the subiect of large and medium- 
scale mapping in the planning stages. Reservoir- 
capacity surveys, catchment-area surveys, flood-con- 
trol and irrigation-schemes surveys have also been 
carried out in several places in the United Kingdom, 
while in Ceylon the overall land improvement project 
includes mapping and the construction of models for 
that country’s hydro-electric scheme. 

It will be seen, therefore, that most of the data, both 
from the geological and the capacity standpoints, 
which the civil engineer will require to assess the 
economics and constructional problems of a hydro- 
electric scheme can be derived from aerial photo- 
graphy and photogrammetry, and the hydro-electric 
project is perhaps one of the most interesting of its 
many valuable applications. 
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Fig. 1. View of the dam profile on the left bank before stripping 


The Hirfanli Project 


A description is given of the main technical features of a 
128 MW development now under construction on the 
Kizilirmak River in Turkey 


HE interesting long-range programme that the 
Republic of Turkey has undertaken to develop the 
natural resources of the country includes the 
Kizilirmak River which has its source in the heart of 
the Anatolian Plateau. The Anatolian peninsula, 
which is surrounded by the Black Sea on the north, 
the Aegean Sea on the west, and the Mediterranean 
Sea on the south, gives birth to many rivers, and the 
largest of these which flows entirely within the boun- 
daries of the country is the Kizilirmak. The river 
begins in the mountainous region south of Sariki 
Karagag¢ at an elevation of 3,000 m. and flows to the 
west, gradually turning north-westerly, and at last 
flowing north-easterly to the Black Sea in the vicinity 
of the town of Bafra. The total length of the river is 
1,150 km. and the drainage basin contains approxi- 
mately 78,180 sq. km. The average rainfall in the area 
is 435 mm. 
Realising the vast potentialities of this river as a 
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source of power and irrigation, the Electrical Resource 
Survey Administration of the Turkish Ministry of 
Public Works made a study of the Kizilirmak Basin 
and came to the conclusion that seven power dams 
could be built along the river. Concurrently with this 
study, the General Directorate of State Hydraulic 
Works studied the basin to determine the agricultural 
benefits and the need for flood control. Complete 
development of the basin would protect the areas be- 
tween Kaman and Osmancik and the vast delta of the 
river on the Black Sea from floods, the power produc- 
tion would be 1-4 billion kWh per year, and major 
agricultural benefits would be realised. At the present 
time the river is undeveloped with the exception of a 
few wooden shoreline waterwheels used to operate 
flour mills. 

Hirfanli dam, the largest of all the seven dams and 
the farthest upstream, is the key structure of the 
Kizilirmak project. The dam site is not far from the 
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battleground where Cyrus fought and defeated 

Croesus about 550 B.C. The dam will be the fourth 

highest rockfill dam in the world and larger than any 

in Europe. It will be the third highest in Turkey, being 
exceeded by the concrete gravity dams at Kemer and 

Sariyar, 109 and 106 m. high, respectively. The dam 

at this site will completely control the river flow. 

Immediately above the dam site the topography is 

very flat, and with a dam 82 m. high will form a 

reservoir 75 km. long with 6,300 million cu. m. of 

storage. It is also favourably located with respect to 
the power-hungry areas of Kirikkale, Kayseri and 

Kirsehir. 

The other dams will be constructed as the needs of 
the districts and economy dictate. The power gener- 
ated will also feed the north-western electric network 
of Anatolia including the cities of Ankara, Istanbul, 
Eskisehir and Bursa. Local areas will benefit from 
irrigation, power and flood control. 

Hirfanli dam, a multi-purpose project, includes the 
following:— 

(a) A rockfill dam 82 m. high above the general 
foundation, 90 m. above the bottom of the cut-off 
trench, and 365 m. long. The drainage area above 
the dam is 27,300 sq. km. 

(b) Two tunnels of 8 m. finished diameter; four pen- 
stocks of 4-9 diameter and one irrigation outlet of 
2:2 m. diameter. 





(c) An uncontrolled spillway 100 m. wide in the right 
abutment. 

(d) A power house with space for four hydro-electric 
units of 32,000 kW each (three to be installed 


initially). abe 

(e) A switchyard and distribution transmission lines. BH intAk 
A vicinity map and general plan and sections are | , 

q - 


shown in Figs. 2 and 3. 

The Hirfanli dam site is situated in the border zone 
of an old granodiorite massif called the Kirsehir- 9 
Keskin mass. This mass covers large areas of Central 7 
Anatolia and is a well-known element of the geologic 
structure of the country. The age has not been fixed 
and can only be said to be older than Eocene. The 
dam site itself is in a broad gabbro region which 
borders the granodiorite below the site. The gabbro 
is dark green to black and is fairly uniform in its 
mineral composition, structure and chemical character; 
its classification would be uralite-gabbro. The jointing 
of the rock is heavy to medium. Some joints are sealed 
with calcite whereas others are open. The jointing has 
generally influenced the extent and depth of weather- 
ing, with secondary weathering extending deep into 
the gabbro in some areas. Minor faulting is prevalent. 
Cutting across the downstream toe of the dam is a 
diorite-porphyry dike which was a late intrusion of 
the main magma into the early cooled border gabbre 
regions. Where overburden on the abutments exists. 
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Fig. 3. Plan of the Hirfanli dam and power station 


it consists of top soil and talus deposits of variable 
depths up to a maximum of 5 m. at the toe of the 
slopes. The river bottom is covered with silt, sand, 
and gravel to a maximum depth of 4 m. 

The flow records of the river date back to 1938 
and show a minimum flow of 15 cu. m. per sec. and a 
maximum of 1,045 cu. m. per sec. The maximum 
occurred on April 5, 1952, and had a flood volume of 
1,345 million cu. m. over a 20-day period; another 
flood on April 7, 1940 had a peak of 1,009 cu. m. per 
sec. with a flood volume of 587 million cu. m. over a 
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12-day period. The flood of 1940 was entirely from 
rainfall whereas the flood of 1952 was from snow 
melt. A flood caused by rain and melting snow occur- 
ring simultaneously was used in flood-routing studies 
and a maximum probable flood with a peak of 8,000 
cu. m. per sec. and a flood volume of 2,800 million cu. 
m. was adopted. The available records of the Kizilir- 
mak, together with the maximum computed flood, 
were compared with like areas of longer record in 
various sections of the world and found to compare 
favourably. 
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Studies were made comparing 
increments of annual charges, in- 
cluding reservoir land, and opera- 
tion costs for the project against 
increments of value of power 
generated. These indicated that a 
dam having a full power-pool 
elevation at 851 m. would give the 
best return for the amount of 
money invested. A study of the 
installed capacity as related to the 
transmission system and to the 
scheduling of future power pro- 
jects in the power-market area 
which would be served indicated 
that an installed capacity of 
110,000 kW would be satisfactory. 
With the spillway crest at eleva- 
tion 851 m. and the bottom of the 
power pool at 842 m., the power 
storage will be 2°8 billion cu. m. 
and the average net head will be 
approximately 60 m. The resulting 
dead storage will provide for silt 
deposition during the economic 
life of the project. The capacity 
of the spillway will be adequate 
to pass the maximum probable 
flood with sufficient freeboard and with the water sur- 
face at spillway crest at the beginning of the flood. 
The spillway is an open-channel uncontrolled type 
discharging well below the toe of the dam. The 
excavation of the spillway channel will provide em- 
bankment material necessary for the construction of 
the dam. 

Since the foundation was deemed suitable for either 
a concrete or an earthfill dam, a study of the relative 
costs of each was made. As a result of this study, a 
rockfill with impervious core was selected. The design 
features an inclined core, permitting the placing of the 
downstream rockfill prior to construction of the core 
and filters. The core, with a normal thickness of 
13-5 m. at the bottom and 9 m. at the top, is founded 
in a cut-off trench excavated in the rock 3 to 8 m. 
deep. It is arched upstream so that settlement of the 
rockfill will place the core in compression and seal 
any settlement cracks that may develop. On each side 
of the core and adjacent to the rockfill are graded 
filters designed to prevent transportation of the core 
material into the rockfill. The downstream filter and 
the core will rest on the natural angle of repose of the 
sluiced rockfill. The downstream rockfill will be placed 
in layers not exceeding 30 m. and will be sluiced with 
water at a nozzle pressure of 100 Ib. per sq. in. and a 
volume of 2 to 4 cu. m. to | cu. m. of rock. 

From the bottom of the cut-off trench across the 
full length of the dam the foundation rock will be 
grouted to a maximum depth of 30 m. The entire 
bottom of the cut-off trench will be blanket grouted to 
a depth of 4 m. At the downstream one-third point of 
the dam, drainage holes in depth equal to one-half the 
height of the dam at the station will be drilled into the 
foundation and filled with clean gravel. The drains 
will not be interconnected and will discharge into the 
rockfill. The area between the upstream cofferdam and 
the dam will be filled with waste from required excava- 
tion to provide additional support for the upstream 
toe of the dam. 
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Fig. 4. Drilling and grouting in the river-bed cut-off trench area 


Two tunnels are to be excavated in the right abut- 


ment. Two 8 m. diameter power tunnels were chosen | 
in lieu of a single tunnel because of the possibility that 7 
the jointed rock might prove hard to hold in a large 7 
tunnel and because of the plan to install three 36,800 5 
kW units initially and a fourth ultimately. The portion 7 
of the tunnels serving diversion only are to be 7 m. © 
diameter and the total diversion capacity with the © 


cofferdam at elevation 800 is 700 cu. m. per sec. Four 
penstocks, two from each tunnel, of 4-9 m. finished 
diameter, take off at an oblique angle and run to the 
power house. These will be steel-lined throughout. 
Where the cover over the tunnel is less than 0-7 of 
the maximum hydro-static head, and where the rock 
is unstable, the power section will be reinforced. The 


entire length of the power tunnel will be grouted to 7 
a depth of 4 m. A 2:2 m. diameter steel pipe will be © 


installed in tunnel No. 2 beginning at and passing 


through the downstream plug. The pipe will continue | 


to the outlet of the tunnel where a cut-off gate and 
regulating valve will be installed. This installation will 
permit discharge of water downstream of the dam 
during the entire period required to fill the reservoir. 
The spillway will be a large but simple structure. 
The excavation involves approximately 3,000,800 
cu. m. of rock and earth. This will supply the rockfill 
for the dam, a portion of the core, the filters for the 
dam, and will supply the rock for making concrete 
aggregate and road gravel. The head structure will 
consist of a concrete ogee crest having piers support- 
ing a highway bridge. The overall width of the struc- 
ture will be 107-8 m. with a clear opening of 99 m. 
No regulating gates are to be installed and the 100 m. 
wide channel below the crest structure will be unlined. 


The power house will be the conventional indoor type | 


built of reinforced concrete. It will be 19-8 m. wide, 


36 m. long and 38-6 m. high. The height above the ¥ 


operating floor will be 17-1 m. The outside wall con- 
struction is designed to provide support for a 165 ton 
capacity crane having an auxiliary hoist with a capa- 
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city of 25 tons. The operation room is contained in the 
main structure; the electrical shop, heating and venti- 
lating rooms, and offices are in adjoining structures. 
The turbines are vertical-shaft reaction type with 
steel-plate spiral casings, each designed for:— 










Maximum gross head ... 67:00 m. 
Minimum gross head ... 56°25 m. 
Rated net head (design) 60-00 m. 
Guaranteed rated output at 60 m. 

net head ... 44,000 h.p. 
Speed 187°5 r.p.m. 


| The spiral casing has an inlet diameter of 3-45 m. 
> substantially circular in cross section and having the 
© shape of a logarithmic spiral outside. The main valves 
are to be of the vertical-shaft butterfly type. The bore 
is 4:11 m. tapering down to the 3-45 m. outlet. These 
© valves will be operated by oil pressure by the governor 
® system, designed to close against maximum flow in 
a emergency. 

) = The alternators are vertical semi-umbrella type with 
» a combined thrust and guide bearing mounted in the 
= lower bracket below the rotor, and a second guide 
» bearing in the upper bracket above the rotor. Each 
© generator is rated at 40,000 kVA, 10,600 V 0°8 p.f., 
| 50 c.p.s., 187-5 r.p.m. The output efficiency at 0-8 p.f. 
and 100% load is 32,000 kW. 

Each alternator will be self ventilated, air being cir- 















rea } culated by means of fans attached to the top and bot- 
) tom of the rotor, the salient poles assisting the fanning 

abut- © action. Pumped oil will be fed to the inner periphery 

hosen © of the combined thrust and guide bearing at the level 
ty that | of the thrust-bearing surface. After passing through 
| large the bearing the oil will spill over two weirs at the de- 
36,800 © sired oil surface level and then drain back to the sump. 
ortion | The main generator transformers, to be located at 
> 7 m. © the rear of the power house, are 40,000 kVA, 3 phase, 
th the @ 50 c.p.s., 154/10°6 kV, star/delta-connected, O.F.B. 
. Four © cooled, outdoor type, with H.V. off-circuit tappings 


nished | for +24, 5, 74 and 10% variation. Various 


to the © smaller step-up and step-down transformers will be 
jut. installed for project and village uses. 

0-7 of The main penstocks will consist of four mild-steel 
> rock | tubes each 4-9 m. in internal diameter. Each will be 
1. The | supplied with a taper from 4-9 m. to 4:12 m. at the 
ted to 

vill be 

assing @ 








downstream end for connecting to the main inlet valve. 
The thickness of the liners varies from 15-9 mm. to 
25-4 mm., being designed for a maximum static head 
of 6°68 kg. per sq. m. plus a maximum pressure rise 
of 36% above maximum static head in the down- 
stream portions adjacent to the inlet valves. The 
liners will be provided with grout holes to ensure com- 
plete concrete backfill. 

The power intake structure is of reinforced concrete 
and serves the two inclined tunnels. Provision is made 
for trashracks, gates, and stoplogs. The gates are to 
be single-leaf fixed-roller vertical-lift with welded up- 
stream skin plate stiffened with horizontal ribs, and 
rubber seals at the perimeter. The gates are provided 
with single bypass valves. The clear width of the open- 
ings is 5-5 m. and the height from sill to lintel is 
9:25 m. The vertical lift of the gate is 28-86 m. An 
electrically operated winch will raise the gates. A 
single-point lift is provided at the centre of the gate 
width. The gate is lifted on a four-part line, two 
ends coiling on hoist drums and two standing ends 
attached by means of adjustable rods to a compen- 
sating beam pivoted on the main winch frame. 

The irrigation discharge valve will be English 
Electric cylindrically balanced and _ streamlined, 
1-68 m. in diameter, provided with local or remote 
electrical or hand control. The accompanying butter- 
fly valve will be 2:13 m. bore at inlet and outlet with 
horizontal shaft opened under balanced conditions by 
oil pressure and closed by means of a weight against 
maximum flow in emergency. 

The switchyard, located high on the right abutment 
opposite the axis of the dam, will be of the conven- 
tional structural-steel type containing four generating 
bays and four feeder bays. The overall length is 99 m., 
width is 33 m., and the height to the static wires is 
25‘6 m. The local feeder lines are 34-5 kV and the 
main line 154 kV. 

The isolating switches for the 154 kV generator 
circuits are three-pole gang-operated with rotating 
centre posts. The circuit breakers are air-blast type 
operated manually from the remote control board or 
automatically through the system protective relay 
scheme; emergency-trip hand control is provided at 
the local control cabinet. 

The general scheme of construc- 
tion is as follows: 


ntinue First: With the river flowing in 
e and its natural channel, excavation of 
n will the tunnel inlets and driving the 
- dam tunnels including the penstocks; 
voir. concreting of the valve house, the 
cture. power-tunnel sections, and the 
0,800 diversion tunnel sections where 
»ck fill necessary. During this time the 
or the abutments will be stripped to 
ncrete approximately river level. Tem- 
> will porary bulkheads will be placed 
yport- in the penstocks. 
struc- Second: Construction of coffer- 
99 m. | dams upstream and downstream 
00 m. and concurrently diverting the 
lined. 5 river through the tunnels. After 
r type @ the river is diverted, the dam 
wide, © foundation stripping may be com- 
e the pleted and the cut-off trench and 
con- power-house excavations com- 
5 ton Fig. 5. Downstream portals of diversion tunnels pleted. 
capa- 
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Third: During a period of low flow, tunnel No. 2 
will be closed and both concrete plugs placed, the 
discharge pipe, the necessary regulating valves, and 
a temporary bypass pipe in the upstream plug. When 
the power intake structure is completed and the dam 
has been constructed to an elevation 5 m. higher than 
the inverts of the power intakes, the inlet to No. 1 
diversion tunnel will be closed and compensation 
water supplied through tunnel No. 2 by means of the 
small discharge pipe. 

Fourth: When the reservoir fills to an elevation 
above the sill of the power intake, the gate serving 
tunnel No. 2 will be closed and the pipe passing 
through the upstream plug of tunnel No. 2 will be 
concreted. The flow will then be diverted into tunnel 
No. 2 and all work completed in tunnel No. 1. 

Fifth: The placing of material in the dam will pro- 
ceed, keeping well in advance of the storage in the 
reservoir. 

This method of construction was adopted in order 
to permit delivery of power shortly after the com- 
pletion of the power house and dam. The period 
allowed for construction is four years. Considering the 
inherent delays due to material shortages and the 
necessity of importation of most supplies, the time 
schedule is quite close and requires meticulous and 
thorough planning. 

The basic items and quantities involved in the con- 
struction are as follows: 

A complete residence camp for all employees 

Cofferdams 130,000 cu. m. 


Approach highway 24 km. 
Stripping .. : 86,000 cu. m. 
Foundation excavation . 196,000 cu. m. 
Excavations—spillway ... 3,100,000 cu. m. 
—tunnel inlets ... 166,000 cu. m. 
-tunnels 73,000 cu. m. 
-power house ... 90,000 cu. m. 

Pressure grouting . 3,000 tons 


Underground Corrosion of Steel 


A publication issued by the Swedish State Power 
Board describes an investigation which has been made 
into the corrosion which takes place in the buried por- 
tions of a steel transmission-line pylon. This study was 
undertaken in connection with a 200 kV power line 
which was constructed without concrete foundations 
with a view to saving capital cost. 

It is concluded that in soils of low corrosivity suit- 
able protection is afforded by hot galvanising with a 
coating at the rate of 1,500 g. per sq. cm., but with more 
corrosive soils the hot galvanisation should be accom- 
panied by a thickening of the steel sections, and 2 mm. 
of oversize is recommended. With wet soils of ex- 
treme corrosibility, i.e., with R<5 x 10° ohm. cm., it 
is considered that the most economic protection is 
afforded by increasing the section thickness by 3 mm., 
but with the hot galvanising retained at 1,500 g. per 
sq.m. A recommendation is made, however, that 
cathodic protection combined with a bituminous 
coating, should be fully investigated with a view to 
establishing whether it would not be more economical 
than the zinc coating and oversizing. It should be 
understood that in Sweden it is not practicable to 
use a thick bituminous coating—probably the best 
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Embankment—impervious ... 300,000 cu. m. 

~ —rockfill ... 1,880,000 cu. m. 

- —filters 200,000 cu. m. 

Concrete—power intake 12,000 cu. m. 

—tunnels 28,000 cu. m. 

»» | —power house 17,000 cu. m. 

»  —Sspillway 9,500 cu. m. 
Steel penstock liners 720,000 kg. 
»» pipe—discharge ... 110,000 kg. 


Reinforcement steel 2,400,000 k.g. 

A protocol for construction of Hirfanli dam and 
power plant was entered into by the English Electric 
Co. Ltd. and George Wimpey and Co. Ltd., of 
London, England, and the General Directorate of 
State Hydraulic Works of Turkey on 3 April 1954. 
The formal contract of agreement was signed 20 April 


1954 and the Notice to Proceed was effective 1 July 
1954. The contract provides for a fixed charge, fixed 7 


fee, equipment rental, contribution for financing, 
bonus, and reimbursement for direct costs. The esti- 
mated cost of the project, including right-of-way, is? 
TL 150,000,000. 

Shortly after receiving Notice to Proceed, George 7 
Wimpey and Co. Ltd: established an office in Turkey @ 
and began work under the direction of Project Mana. | 
ger A. A. Wright. Work proceeded on Step | and at | 


a 
re 


the time of writing the contractor was beginning to 4 


place concrete in the tunnels. The operators’ village © 


and the construction camp were virtually complete. | 3 


Supply contracts for all major permanent equipment © 


were in force and the first penstock sections were en” 


route from England. 


The entire project is being executed by the Dams © 
Division of the Devlet Su Isleri of the Ministry of 


Public Works. The department is headed by Suleyman 


Demirel and the Dams Division by Kutlu Buyuk-] 
doluca. The Field Resident Engineer is Dr. Ali Orhon. © 
Tippetts-A bbett-McCarthy-Stratton, Engineers, of © 


New York, are the consultants. 


protection against corrosion—because it is difficult to 7 


reply on the pylons being sufficiently dry for its appli- 
cation at any particular time in the year. 


It is assumed that the sections used are relatively © 
so that rusting can be allowed to 
go on for about 10 years without appreciably reducing © 


thick, 8 to 12 mm., 


the strength; consequently, the protection adopted 
should last 30 years to afford a useful life of 40 years. 
Bolts with free threads should be well oversized as 


they have been found to rust much more quickly than? 


smooth surfaces. 


Air-mail Trade Catalogue. The Consolidated Pneu- 


matic Tool Co. Ltd. are supporting their export” 
drive by a special air-mail edition of a catalogue 7 


oy) 


devoted to pneumatic tools. Although it contains 227 


pages this publication weighs little more than an 
ordinary letter, being printed on thin Indian paper. 


Hand Grinders. A leaflet received from Rubert & Co. 7 
informs us” 
that they have now taken over the sole agency for the” 


Ltd., of Levenhulme, Manchester 19, 


Martin hand grinders, which are manufactured in” 
Germany and have an excellent reputation for polish- ~ 
ing, tool sharpening and re-adjusting operations. 
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Book Reviews 





The Vibration of Concrete. Prepared by a Joint Com- 
mittee of The Institution of Civil Engineers and The 
Institution of Structural Engineers, Great George 
Street, Westminster, London, S.W.1. 1956. 64 pp. 
Illus. Price to non members 8s. 

The Joint Committee responsible for this report was 
set up in 1950 and altogether has held 46 meetings. 
The terms of reference being “To review present prac- 
tice in the use of vibration as a means of placing and 
compacting concrete, with special reference to mix 
design.” Representation was invited from the Cement 
& Concrete Association and the Directors of Building 
Research and Road Research. 

The importance of the correct design of concrete 
mixes intended for vibration is given great stress and 
two methods of mix design are presented so that the 
method can be related to the type of aggregate avail- 
able for a particular job. The Committee also make 
eleven points for a draft specification for vibrated con- 
crete additional to the clauses of a normal specifica- 
tion, and call for further research on seven points 
which include investigations on the best type of mixer 
for the dry concretes used in vibrated work, and on 
the best proportions (length:diameter ratio) for im- 
mersion vibrators. 


Wasserkraftwerke (Water Power Development) Vol. 
1. By Prof. Dr. Ing. Emil Mosonyi. Published by 
Verlag der Ungarischen Akademie der Wissenschaf- 
ten, Budapest. 1956. 872 pp. Illus. Price M. 200. 

In the preface to this important volume, the author 
explains that the two volumes published under the 
title “Water Power Developments” are a revised and 
enlarged translation of two volumes published on the 
same subject in the Hungarian language. They deal 
exclusively with the power side of hydraulic struc- 
tures. Structures like dams, weirs, intakes, locks, 
overflows and spillways, which can be used for other 
purposes than power production, irrigation, for ex- 
ample, will be dealt with in two other volumes to be 
published under the title “Hydraulic Structures.” 

This first volume deals with low-head power 

stations. High-head power stations with free-flow 
headraces or with pressure tunnels will be dealt with 
in the second volume of the same publication. 
_ The author spends about 60 pages on an introduc- 
tion to hydro power (pages 19-84) with historical 
notes (pages 85-110). The last 50 pages of the volume 
are on bibliographical notes, author index and sub- 
ject index. There is ample opportunity for the author 
of this important textbook to give many details of 
immediate interest to the designer. In this respect he 
goes further than the standard American textbooks 
on the same subject. In addition, he brings interest- 
ing details on Hungarian hydro-power structures, 
mostly designed and built under his own supervision, 
and on Russian designs, Russian practice and Russian 
publications. In this respect, the book will certainly 
raise a great deal of interest among designers in the 
western world which has hitherto lacked information 
on what is being done in these regions. 

More than 700 pages are on low-head power 
stations alone, beginning with the discussion of well- 
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known methods for the estimation of available power 
and the capacity to be installed (pages 111-140), with 
a general description of low-head power stations 
(pages 143-178 and again pages 305-375), where the 
under-water power stations of Arno-Fischer and the 
German “pier power houses” are also described, and 
with the study of the flow in open canals (pages 
179-304). 

The most important and most interesting chapter 
of the book is certainly the last which deals with the 
design of power houses (Chapter E, pages 376-820). 
This includes a detailed analysis of the hydraulic and 
structural problems involved in the design and cal- 
culation of spiral casings, turbines and draft tubes. 
(The generator and electrical equipment are dealt 
with in about 60 pages only). It is in this portion of 
the book that information from Russian sources 
makes it such captivating reading. 

As a textbook, this publication of Prof. Mosonyi 
is excellent as it gives a very comprehensive survey 
of modern designs and methods. The more advanced 
specialist will be delighted to find there little known 
information on the ideas and designs of their Russian 
and Hungarian counterparts. 


Lignes Electriques T.H.T., Etude Mécanique et Con- 
struction de Lignes Aériennes (E.H.T. Transmission 
Lines, Mechanical Study, and Construction of Over- 
head Lines), by H. Carpentier, Ingénieur I.E.L. 
Published by Editions Eyrolles, 61, Boulevard St-Ger- 
main, Paris V°, 1955. 6 in. x 94 in., 250 pp., XVI 
plates with 50 half-tone reproductions, 87 ff., 5 appen- 
dices with 16 folders. Price in Great Britain, cloth 
bound: £5 12s. Od. 

This remarkable work, written by a specialist for 
specialists, is divided into three main sections, of 
which the first is a compendium of the knowledge in- 
dispensable to the elaboration of comprehensive 
projects of E.H.T. lines. The major part of this section 
(175 out of 183 pp.) covers all the aspects of the 
technical survey of an E.H.T. line, proceeding from 
the laying out and marking out of the line to all con- 
structional components, and is supplemented by 
practical recommendations and judiciously selected 
examples of calculation. A separate chapter deals with 
the drawing up of specifications and estimates for 
tenders. Section II, chapter III, is devoted to the con- 
struction work proper, and extends from the organisa- 
tion of construction sites and their equipment to the 
painting of the towers and the checking of thecompleted 
line; the paragraphs on the erection of towers and 
stringing of the lines are of particular interest, and a 
series of photographs of lines in operation in France, 
Italy and Sweden, shows the progress achieved in 
E.H.T. lines since 1920. Chapter IV covers the super- 
vision and management of construction sites, and cost- 
ing of construction work, first on site and, upon com- 
pletion of the line, at contractors’ headquarters. The 
extensive bibliography which concludes the volume is 
usefully divided into conductors and their calculation; 
conductor vibrations; insulators and fittings; super- 
structure; foundations; protection against lightning, 
and earthing; miscellaneous. The practical engineer 
specialising in overhead transmission lines will find 
an abundance of highly valuable information and use- 
ful hints in H. Carpentier’s work which will also prove 
an excellent textbook for students who have reached 
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an advanced stage in the study of higher mathematics. 
The author’s style displays a terseness and per- 
spicuity which is not always found in technical works. 
As to production this attractive volume is a credit to 
publishers and printers, not to forget the proofreader 
who has enabled the book to appear without a list of 
errata . . . a special word must be said for the dia- 
grams and graphs included in the appendices. The 
only objection that might be raised is the scattering 
of the plates which are in many instances much too 
far away from the pages to which they refer in the 
text. “Lignes Electriques T.H.T.” was the first work 
to earn its author, shortly after publication, the “Prix 
du Livre Technique” instituted by the French Asso- 
ciation of Public Works. 


Annuaire Hydrologique de la France—1955. Société 
Hydrotechnique de France, 199 Rue de Grenelle, 
Paris, VII. 207 pp. Price 2,000 fr. net. 

This annual publication gives detailed figures of 
rainfall, river flow and reservoir levels for 1955, and 
as in previous years, submits the results to exhaustive 
tabular and graphical analysis. Flow records were ob- 
tained from 70 stations and averages calculated for 
the period of existence of each station and for a refer- 
ence period of 1920-1955. One station—that on the 
Drac at Avignonet—was taken out of service during 
the year. An analysis of the hydrologic characteristics 
for the year by Mons. de Beauregard discloses that 
the rainfall for the year was practically equal to the 
long-term average, but that the year was nevertheless 
one of wide contrasts, being marked by heavy floods 
in January and February followed by scarcity for the 
rest of the year. 


Annual Bulletin of Electric Energy Statistics for 
Europe, United Nations Economic Commission for 
Europe; Geneva, 1956; 41 pages including five tables. 
Available in bilingual edition, English-French, from 
the Sales Section, European Office of the United 
Nations, Geneva, Switzerland, or through sales agents 
for United Nations Publications. A Russian edition is 
to be issued shortly. Price $0-25, Is. 9d., Sw-frs. 1.- 
or the equivalent in local currencies. 

The United Nations Economic Commission for 
Europe has published its first Annual Bulletin of Elec- 
tric Power Statistics for Europe, which has been com- 
piled at the request of the ECE Electric Power Com- 
mittee’s Working Party on Electric Power Statistics. 
The current issue contains final data for the years 
1938 and for 1950 to 1954, as well as provisional data 
for 1955. The data given are for Austria, Belgium, 
Bulgaria, Czechoslovakia, Denmark, Eastern Ger- 
many, Finland, France, Greece, Hungary, Ireland, 
Italy, Luxembourg, the Netherlands, Norway, Poland, 
Rumania, Sweden, Switzerland, Turkey, Union of 
Soviet Socialist Republics, United Kingdom, United 
States of America, Western Germany and Yugoslavia. 
The tables in the publication provide figures for maxi- 
mum net capacity in continuous operation (situation 
at December 31 of each year); fuel consumed in elec- 
tricity generation; international exchanges of electric 
energy during 1955; imports of electric energy during 
1938 and 1951-1955; exports of electric energy during 
1938 and 1951-1955; production, international ex- 
changes and gross consumption of electric energy and 
everage efficiency of thermal] plants; and consumption 
of electric energy. 
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One of the aims of the Bulletin is to give all- 
European coverage to statistics already published 
regularly for a limited number of countries, and, at the 
same time, to broaden the scope of the information 
published. The definitions adopted by the Working 
Party, which are those used in the Bulletin, are based 
as far as possible on definitions in current use, and in 
particular on those adopted by the International 
Union of Producers and Distributors of Electri¢ 
Energy (U.N.I.P.E.D.E.). 

All the data contained in the Bulletin have been 
directly supplied by governments to the E.C.E. Secre- 
tariat. 













B.S.I. Annual Report. Published by the British 
Standards Institution, British Standards House, 2 
Park Street, London W.1. Price 5s. 

Steadily growing support from industry for the work 
of the British Standards Institution is reflected in 
B.S.I.’s Annual Report for the year ended March 31, 
1956. The number of subscribing members—com-§ 
mercial firms, trade associations and_ professional 
bodies—reached the record figure of 8,650, over 4 per 
cent. higher than in the previous year. 

The report contains 260 pages which indicate how 
wide and varied is the Institution’s work and how it § 
is keeping pace with some of the newest developments f 
in British industry. It contains a detailed review of | 
the standards projects completed and in hand in the 
Institution’s four main divisions: building, chemical, 7 
engineering and textiles (and in the industries outside 
the scope of these four), and the work carried out J 
under the Council for Codes of Practice. An important 
feature of engineering activity include the preparation 
of glossaries of terms; a large and varied national and 
international programme of electrical work; a review 
of specifications for non-ferrous metals; and progress 
with the preparation of summary sheets. Other aspects 
of international co-operation in standardisation in- 
clude a conference of the ABC countries (America, 
Britain and Canada) to secure closer unification of 
basic engineering standards, B.S.I.’s participation in 
the work of the European Productivity Agency (which 
is studying and encouraging methods of simplifying 
production in various countries), and preparations for 
next year’s Commonwealth Standards Conference in 
Delhi. 


Power Engineer, the journal of the Society of Power 
Engineers, India, marked the completion of its first 
five years of existence by publishing a special number 
devoted to planning (Vol. 6, No. 2, April 1956). 
Among the articles of special hydro-electric interest it 
contains, we should like to single out, “Electricity j 
Schemes in the Second Five-year Plan,” by V. T. 
Krishnamachari, p. 67; “The Role of the Ministry 
of Irrigation and Power in Power Development,” by 
T. Sivasankar, p. 74; “A General Assessment of the 
Power Programme in the Second Five-year Plan,” by 
Yadava Mohan and §S. Swayambu,” p. 83; “Some 
Technical Aspects of Power Projects in the Second 
Five-year Plan,” by M. Hayath, p. 93; “Planning of 
Large Hydro-electric Power Stations in India,” by H. § 
R. Bhatia, p. 119; “Setting up of a Power Engineer- 
ing Research Organisation,” by M. Hayath, p. 133; 
“National Power Load Survey as an Aid to Planning,” 9 
by S. S. Kumar, p. 140. 
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Fig. 1. First stages in construction of the cofferdam, Kariba 


The Kariba Tunnel 





Fig. 2. Diversion Tunnel, Kariba 
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EFERENCE has already been made in this 

journal to the large diversion tunnel driven at 

Kariba to facilitate the dewatering of the dam site 
during the constructional period. The timing of this 
work was important; diversion of the entire flow of 
the Zambezi was quite impracticable and arrange- 
ments had to be made to take advantage of the low- 
flow period. To this end the tunnel had to be driven 
against time, and other preparations made, for full 
advantage to be taken of the low-flow period of 1957. 
The intake end of the diversion tunnel is below the 
level of the river bed and access had to be obtained 
from a point above flood level by means of a dipping 
adit 18 ft. by 15 ft. in cross section and 880 ft. long. 
This adit was driven in 14 weeks. The main tunnel was 
then driven in two directions simultaneously, the 
operation taking the form of a top heading and bench, 
resulting in a completed section of 33 ft. by 42 ft. This 
work was accomplished in 21 weeks at an average 
overall rate of 62 ft. per week. Three 8-hour shifts 
were instituted, each consisting of 26 men, mainly 
Africans, who, at the outset, were quite untrained. 

The contract for the tunnel was awarded to The 
Cementation Co. Ltd., who completed this and other 
work according to schedule. All the drilling work 
throughout the operation, which involved driving 
through 1,300 ft. of gneiss and porphry, was accom- 
plished by equipment supplied by Holman Bros., from 
their South African factory. 

The joint consulting engineers for the civil-engineer- 
ing work are Sir Alexander Gibb & Partners, A. 
Coyne & J. Bellier, and Société Generale Exploitation. 
Our two views show the first stages of the cofferdam 
and the interior of the diversion tunnel. 








Armfield ‘‘Micro’’ Generating Set 
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A couple of years ago the United Nations Economic 
Council on Rural Electrification published a brief but 
important report* on the potentialities of “ micro” 
water-power sets to provide local supply in up-country 
areas. An investigation conducted by Electricité de 
France covering some 5,000 cases showed that the 
needs of no less than 80 per cent. could be covered by 
a turbine of 12, 40 or 120 h.p., and this pointed to 
the possibility of developing a small range of stan- 
dardised generating sets which would cover the bulk 
of up-country requirements at a substantially lower 
price than would be possible on a basis of tailor-made 
units. 

These possibilities have been studied very thoroughly 
by The Armfield Hydraulic Engineering Co. Ltd., 
Ringwood, Hampshire, England, who are now manu- 
facturing a “micro” water-power set suitable for sup- 
plying the electrical requirements of isolated home- 
steads and small communities. A complete equipment, 
photographed in the maker’s works, is seen in the 
accompanying illustration. 

Naturally, the selection of suitable characteristics 
for such a set required much thought, and a capacity 
of 10 kW was chosen as being adequate for the cook- 


* This report was discussed in the Leading Editorial] of Water Power 
July 1954, p. 243 
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Armfield “Micro” generating set, with control panel and draft tube 










ing, heating and lighting load of a typical household) 
As regards hydraulic conditions, a net head of 16 m 
(52-5 ft.) was selected as it was considered that resi- 
dents in up-country districts who had access to a suit 
able stream would be able to command a head of this 
amount without excessive outlay. Under this head the 
turbine, which is of the vertical Francis type, has aj 
maximum output of 16 h.p. and a water consumption 
of less than 0-1 cu. m. per sec. 

Particular attention has been paid to the choice of 
the electrical system. An alternating-current sy 
chronous generator requires accurate governing, and 
furthermore, a mechanical governor needs to be 
designed and set to suit the characteristics of the pipe 
line and the load curve. The expense and complication 
entailed by the adoption of mechanical governing 
would inevitably be considerable and would tend to 
defeat the objectives for which the set was designed. 
It was therefore decided to employ a direct-current| 
generator controlled by a carbon-pile type voltage 
regulator, which permitted the use of an ungoverned 
turbine. Incidentally, an alternating-current induction! 
generator, which offers a similar advantage, could not 
be adopted because the “micro” set is intended toF 
operate unconnected to any supply system. 

In the design of the electrical equipment The Arm- 
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field Hydraulic Engineering Co. Ltd. had the col- 
laboration of Lancashire Dynamo & Crypto Ltd., who 
are supplying the generators and control gear for these 
sets. 

The generator is a compound-wound flange-moun- 
im ted drip-proof unit and incorporates the thrust and 
im journal bearings. The terminal box is suitable for plain 
cable entries or for conduit. The turbine runner is a 
manganese-bronze casting and is mounted on an ex- 
tension of the generator shaft. The turbine casing is of 
cast iron and fitted with fixed guide vanes which are 
correctly set at the maker’s works to ensure optimum 
efficiency. The draft tube is fabricated and is designed 
to be bolted directly to the turbine case. 

The voltage regulator, hand rheostat, and the neces- 
sary switches and instruments, are assembled on a 
control panel arranged for wall mounting. 

The simplicity achieved in the design of the equip- 
ment, together with the fact that it is a standardised 


















The bund across the Shire River, designed to block 
the outflow from Lake Nyasa, has now been com- 
pleted and the level of the impounded water has risen 
4 ft., nearly to the level of the lake. This bund, which 
is situated at Liwonde and has been constructed by 
John Laing & Son Limited, is essentially a temporary 
structure. It has several objectives; it will act as an 
effective cofferdam for the permanent works, will 
prevent the level of the lake from falling too low, 
facilitate the construction of the various works which 
are projected on the Shire River, and will enable a 
detailed exploration to be made of the soils in marshy 
ground in the lower reaches of the valley with a view 
to crop growing. The permanent barrage will be con- 
§ structed at Matope and will not only form a means 
of regulating the flow from the lake for power genera- 
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unit, enables it to be offered at a highly competitive 
price. 

A prototype machine has been submitted to special 
performance tests, and it was found that although the 
turbine speed is designed to range from 1,090 r.p.m. 
at full load to 1,940 r.p.m. at no load, the voltage 
regulation was of the order of + 1% of the rated 
voltage of 230 V. Furthermore, it was ascertained that 
only minor modifications to the guide-vane angles and 
to the electrical windings enable the standard unit to 
be supplied for net heads ranging from 45 to 65 ft. 

The “micro” set could also be adapted to drive an 
induction generator should a grid system be available. 
In this modified form it should prove most useful in 
replacing out-of-date small household turbines on sites 
where the mains are available. The turbine, coupled 
either to a d.c. generator or induction generator, will 
also prove useful as a power-recovery unit in many 
fields of industry. 


Shire River Bund Completed 


tion but also prevent the devastating floods which have 
hitherto created vast swamps and been such a menace 
to the inhabitants of the Shire Valley. 

The bund was mainly constructed with decomposed 
gneiss and the final closure was effected by using bags 
of soil and large boulders. As an underwater protec- 
tion the hulk of an old lake steamer was brought into 
use. Our illustration shows operations just before the 
closure with the discharge at 8,000 to 9,000 cusecs. 

The next step will be the construction of a 50,000 
kW power station at Matope, about 36 miles down- 
stream of the bund. In the meantime, Africans living 
immediately below the bund are enjoying a rich har- 
vest of fish trapped in the dwindling of the waters. 
The consulting engineers for this scheme are Sir 
William Halcrow & Partners, of London. 
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Liwonde bund; the final gap ready to be filled with heavy rock lumps 
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New Portable Frequency Meter 


A new design of frequency meter giving direct read- 
ings of frequency from 15 c/s to 100 kce/s in six 
switched ranges has been developed by The British 
Thomson-Houston Company of Rugby. The instru- 
ment incorporates junction transistors and germanium 





diodes, and the frequency under test is shown on the 
linear scale of a moving-coil instrument. Accuracy is 
of a high order and is independent of input waveform 
within a wide range of applied volts. It is mains 
operated and weighs only 9 Ib. 

Basically the instrument consists of a saturating 
transistor amplifier which charges and discharges a 
capacitor on each cycle of the input voltage. As the 
mean current through the capacitor is proportional 
to the input frequency, it can be rectified and shown 
directly in terms of cycles-per-second on the scale of 
a d.c. moving-coil meter. Provision is made on a 
rotary switch for selecting any one of six frequency 
ranges with full-scale deflections of 300 c/s; Ikce/s: 
3 ke/s; 10 ke/s; 30 ke/s; or 100 ke/s, respectively. On 
all but the highest range the accuracy of measurement 
is Claimed to be within | per cent. of full-scale deflec- 
tion; even on the highest range this accuracy holds 
good up to about 70 kc/s, but because of limiting 
transistor characteristics, measurements above this 
frequency may be subject to slightly greater inac- 
curacy, but certainly not more than 5 per cent. of 
100 ke/s. 

To maintain the inherent accuracy of the equipment 
over a wide input voltage range, another switch is pro- 
vided to select one of two appropriate inputs to the 
amplifier to suit the applied voltage. As a result, the 
instrument can be used to measure frequencies within 
the accuracies mentioned above with inputs ranging 
from 0-1 volt to 500 volts. 

The instrument is essentially a current-operated 
device and takes 40 A r.m.s. for a sinewave input 
and up to 110 “A peak-to-peak for other waveforms. 

The long-term stability of the meter is stated to be 
excellent and when using the internal battery as a 
source of reference voltage the calibration drift may 
be taken as negligible. The meter is primarily designed 
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for use with the battery as a reference (a life of about] shor 
2,000 hours being achieved under continuous operat. trans 
ing conditions) when the drift is less than | per cent, Alca 
for a 10 per cent. variation in the mains supply vol.§ 719, 
tage. It is, however, possible to make use of the mains 
voltage as a source for reference but because of varia. 
tions in the supply more frequent calibration is usu- 
ally necessary. The “zero-set” control for compensat- Ex 
ing small variations is brought out in the centre of the POU 
front panel. have 
Another interesting application of the instrument is SW" 
for measuring speeds of rotating shafts. As well as the of co 
two voltage positions and “Calibrate” on the input Um 
switch on the right-hand side of the panel, another '®5! 
position “P” is available for use with a semi-conductor ™4% 
photo-cell input. A combined photo-electric head in-§ PO 
corporating a light source and photo-cell will be dem 
available shortly as an accessory, and by focusing this entra 
on to a suitably marked rotating shaft, a direct reading] bee? 
will be obtained of its speed. © quali 
: ; mini 
Ferranti Transformers with = 
ie 
Aluminium Windings BAR 
Two of the three 71,000 kVA, single-phase, OOM tn by 
cycles, 13-2/301-4 kV Ferranti Generator Trans- types 
formers ordered by the Aluminum Company of appr 
Canada Limited, have recently been shipped, and the} may 
accompanying illustration shows one of them being® jncor 
slung aboard at Manchester Docks. These units will] apilit 
form the second 213,000 kVA bank of generator) ceme 
transformers to be supplied by Ferranti Limited for® corp. 
installation in the Alcan project at Kemano, British) pe ca 
Columbia. The transformers have aluminium wind-§ 
ings, and it is believed that they will form the largest 
bank of transformers with aluminium windings in the® 
world. The third transformer is due to be shipped™ Th 
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shortly, and this will then bring the total number of 
transformers supplied by Ferranti Limited for the 
Alcan Project to thirteen units of a total capacity of 
719,000 kVA, to the value of 1,210,000 dollars. 


Barra Concrete Additives 


Expandite Limited, of London, the sealing com- 
pound manufacturers and waterproofing specialists, 
have made an agreement with Meynadier & Cie, A.G., 
Switzerland, by which the well-known BARRA range 
of concrete additives will now be manufactured in the 
United Kingdom. These additives have been used ex- 
tensively by Continental engineers and contractors for 
many years and have been incorporated in many im- 
portant projects where the requirements have 
demanded proven materials of high quality. Air- 
entraining agents of the Vinsol resin type have also 
been in common use in the U.S.A. to permit good- 
quality concrete to be made under all conditions with 
minimum labour costs. Though it may be some time 
before the complete BARRA range is readily avail- 
able the following can be obtained immediately:—(1) 
BARRA 55—An air-entraining agent containing the 
internationally acclaimed Vinsol resin. This is claimed 
to be a very desirable aid in the construction of all 
types of concrete structures and to be particularly 
appropriate where shuttering and placing diificulties 
may arise. (2) BARROLIN C—A mortar plasticiser 
incorporating Vinsol resin which improves the work- 
ability of mortars, imparts strength and reduces 
cement consumption. (3) FROSTEX—An easily in- 
corporated liquid additive which enables concreting to 
be carried out in safety at temperatures down to 30° F. 


Nangal Project Substation 


The inaugural ceremony of the 132 kV Hansi sub- 
station of the Nangal Power Project, India, was per- 
formed recently under the Chairmanship of Professor 
Sher Singh, Minister for Revenue, Irrigation and 
Power, East Punjab Government. This substation, 
containing four 132 kV 2,500 MVA and five 33 kV 
250 MVA oil circuit-breakers and two 6,000 kVA 
132/33/11 kV transformers, is one of eleven sub- 
stations of this scheme that are being equipped by 
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The English Electric Company. Power is transmitted 
from Hansi some 200 miles to Delhi substation which 
was also equipped by The English Electric Company 
and which includes two 38,000 kVA 132 kV trans- 
formers, among the largest supplied to India. 


Compressor Warning System 


A new control and protection panel for air com- 
pressor installations has been introduced by Holman 
Bros. Ltd. In addition to providing temperature and 
pressure.data for both air compression stages, it also 
records cooling water temperature and lubricating 





oil pressures and temperature. Protection is provided 
by an automatic shut-down system operating from 
the air delivery thermometers, oil pressure and cool- 


ing water flow. Irregularities in 
any of these result in the plant 
coming to a standstill. Unrec- 
tified faults in the panel itself 
also result in shut-down. 

The self-contained panel, for 
floor or wall mounting, is 
totally enclosed and _ suitable 
for all Holman compressor in- 
stallations, both new and al- 
ready in service. It can be 
supplied in either flameproof or 
standard industrial form. 

In detail, the instrumentation 
includes three pressure gauges 
for recording air delivery pres- 
sures from both air compres- 
sion stages and oil pressure. 
Easy-reading dial-type thermo- 
meters record inlet and dis- 
charge temperatures from both 
the air compression stages, as 
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well as cooling water and oil temperatures. Each 
protective instrument has a red warning lamp to in- 
dicate the source of the fault, this being in addition 
to an audible alarm which can be remotely fitted if 
necessary. 


Abstracts from the 
World Technical Press 


Terminology of Automatic Control 


The ASE (Swiss Association of Electrical Engin- 
eers) publishes in German and French the three first 
chapters of its recommendations for a terminology of 
automatic control: I. General notions and definitions; 
II. Structure of the control system; III. Behaviour of 
the control system and of its components. A chapter 
on the construction and classification of automatic 
control equipment, information on other termin- 
ologies, and an index are to follow later. A number 
of definitions is supported by graphic examples. In 
addition, three general examples are appended to 
chapters I. and II. Example No. 2, “Controlling the 
level of a balancing reservoir” (p. 380) is of particu- 
lar interest. (Bulletin de I’ Association Suisse des 
Electriciens, Vol. 47, No. 8, April 14, 1956, p. 372. 
17 pp., 9 graphs, 2 tables). 

Note: Attention is also drawn to the editorial of 
this issue in which the work done by the Study Com- 
mittee of the ASE is reviewed in connection with 
these recommendations. This article is accompanied 
by a table giving the basic terms used in automatic 
control in English (ASME, AIEE, British Standards), 
French (Swiss version), German (DIN 19226 and 
Swiss version) and Italian. Some of the divergences 
between the two versions in English will appear 
strange, to say the least, outside the English-speaking 
world, but if there are fewer such divergences between 
the two versions in German, two of them seem hardly 
justifiable. While “Istwert” (actual value) appears in 
both the Swiss and German version, the Swiss 
“EBinstellwert” (desired value) is called “Sollwert” by 
the Germans who, in return, call “Aufgabenwert” the 
Swiss “Sollwert” which the Americans express by 
“desired value of controlled variable”. France’s 
official terminology is not included in the table. 


Behaviour of Rock in Steel-Lined Tunnels 


This is a reprint of the paper read before the Société 
Hydrotechnique de France on November 17, 1955. 
The control measurements reported and discussed 
in the paper were made by the Field Test Section of 
EDF in three tunnels—Randens, Les Bréviéres and 
Montpezat—at the time they were being filled, and 
in the experimental tunnel of Serre-Poncon, where 
the behaviour of a new type of lining was investigated. 
A detailed table, supplemented by diagrams, gives 
all the characteristics of the tunnels examined, as well 
as the distribution of the measuring apparatus. A 
description is given of the methods of control applied, 
and the results obtained are analysed. Watertightness, 
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Available panels cater for both water and air 
cooled, and splash and pressure lubricated machines, 
There is also a “utility” range which does not include 
protection against oil pressure failure or visual 
fault indication. 


mean expansion of conduits, dynamic soundings, and 
extensometric measurements are also discussed. The 
diametral deformations of the lining are given for 
a number of sections at various positions of the 
extensometer both at maximum test pressure and 
while the pressure is increasing. Strains in the lining 


are given, for various sections of the tunnel, in separ.® 


ate tables which indicate the thickness, the testing 
pressure applied, the tangential pressure and the 
share of the strain absorbed separately by the lining 
and the rock. A final chapter discusses the methods 
generally adopted for the calculation of tunnel linings, 
describes the behaviour of the rock in its initial state 
while tunnelling is in progress, and while the tunnel is 
being filled. In addition to their immediate purpose, 
which was to establish the correct behaviour of the 
works instanced, these tests have helped to determine 
the phenomena that occur when a tunnel is put under 


pressure. From the aspect of practice this investiga.) 
tion has emphasised the importance of improving} 


certain techniques of tunnel construction, such as 
minimum disturbance of the rock while excavation 
work is in progress, and more efficient grouting, 
either by injecting grout under very high pressure ot 


by using grout which expands after injection. (GJ 


Leterrier, Mémories & Travaux de la Société Hydro- 
technique de France, published by La Houille 


Blanche, Vol. 11, No. A, March-April 1956, p. 144,) 


29 pp., 20 ff., 8 tt.) 


Lower Rhone Development 


What is meant by the Lower Rhéne in terms of © 
hydro-electric development is always the whole sec-/ 
tion of the river between its confluence with thel 
This 


Sa6ne, near Lyons, and the Mediterranean. 
article deals exclusively with the middle stretch of 


that section, extending from its confluence with the 


Isére on the left bank to its confluence with the 


Ardéche on the right bank, thus including the two} 


great Montélimar and Donzére-Mondragon stages. 
Hitherto this stretch had always been the least 
favourable to navigation. 
importance of the Lower Rhéne as a waterway link- 
ing Marseilles with Lyons, navigation interests had 


to be granted priority; this ruled out high dams on§ 


the one hand, and, on the other, the pattern adopted 
for the French Rhine development of power stations 
set up in series on the canal. On the Rhéne this pat- 
tern has been resorted to only downstream from 
Donzére-Mondragon, where the tailrace can be ex- 
tended by the headrace of the Orange stage. The 


Middle Lower Rhone can therefore be developed : 
only by means of moderate heads of 10 to 25 m,@ 


each equipped with a dam of the type used on navig- 
able rivers, with a diversion canal associated with a 


power plant and lock. Of the five stages contem-| 
plated, Montélimar is in course of construction, and/ 


Donzére-Mondragon has been in operation since 


July 1952. The uppermost stage, Valence (190 MW, | 
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head 12.5 m.), which will include the confluence with 
the Isére, will extend its backwater as far back as the 
Tain-Touron narrows, which involves a storage level 
reaching 115 m.; the tailrace would rejoin the river 
upstream of Valence. As the water level of the third 
stage (Baix-Logis Neuf) is limited to about 90 m., 
because of the confluence with the Drome, the second 
stage (Beauchastel, 190,000 kVA, head 13-0 m.) must 
have a fairly high level (about 103 m.) in order to 
extend beyond Valence to the junction with the 
river of the tailrace of the neighbouring upstream 
stage, a rather difficult proposition, and return its 
water to the Rhéne. At the Baix-Logis Neuf stage 
(190 MVA, head 12-5 m.), the fact that the village of 
Baix borders on the Rh6ne necessitates the siting of 
the dam between Baix and the confluence with the 
Drome. Owing to the hilly right bank, the diversion 
canal here must run along the left bank and rejoin 
the river at Logis Neuf, slightly downstream of the 
power station and the lock. This stage has the ad- 
vantage of a convenient intake site downstream of 
Le Pouzin, and the presence of calcareous rock in 
this region will enable the dam to be erected a short 
distance downstream of the intake. The Montélimar 
stage, with the great Chateauneuf-du-Rhéne plant 
(300 MVA, head 19 m.) must extend its backwater 
far enough to connect with the Logis Neuf tailrace. 
Here again, because of the hills on the right bank, 
the diversion canal can only be dug in the plain on the 
left bank between Ancdne and the Donzére narrows. 
There is a good intake site near Anc6ne, and the dam 
will be set up immediately downstream of this point. 
The Montélimar stage is scheduled to be put into 
operation in the second half of 1957. The fifth stage 
is the great Donzére-Mondragon installation, des- 
cribed in detail in WATER Power, January 1953, 


= p. 30. 


The author then discusses the mode of operation 
Since the four upstream 
stages are to be equipped for 1,850 cu. m. per sec., 
and the maximum discharge of the Donzére-Mon- 
dragon diversion is designed for 1,530 cu. m. per sec., 
two alternatives are examined—the Rh6ne discharge 
equal to that of the highest navigable level, and flood 
discharge. In the former instance, the most favour- 
able solution is given by the method of co-ordinated 
releases applied to the three upstream plants, the two 
downstream plants operating as balancing stages. A 
rough calculation gives for this mode of operation 
during the four peak hours, an output 275 MW 
higher than during the slack hours, and 230 MW 
above the continuous run-of-river output. Considered 
as a whole, the system of co-ordinated releases sub- 
stantially raises the absorption capacity of the tur- 
bines at peak periods during the six months of rela- 
tively low flow. At flood periods, tests effected on 
models of the intake have shown that two instances 
must be considered: low storage, as at Donzére, with 
a normal level definitely below that of millenary 
floods abreast of the intake, and high storage, as at 
Montéiimar, with a normal level definitely above that 
of millenary floods. Operation at flood periods is to 
be a compromise between the various conditions de- 
termined by the experiments. Dangers resulting 
from a large diverted discharge to the stability of the 
river bed upstream of the point of return to the river 
are considered, the desirability of keeping navigation 
open on the canal at the highest possible discharge, 
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and also the efficient evacuation of the gravel accumu- 
lating in the storage stretches. All these questions 
are reviewed at length, due emphasis being laid on 
the navigation aspect. To restrict to a minimum the 
inconvenience to navigation of surge waves resulting 
from the running of the power stations, even in the 
exceptional case of sudden and protracted stoppages, 
each plant is provided with spillways of adequate 
capacity, equipped with high-speed gates. Once com- 
pleted, the Middle Lower Rhéne development will 
greatly improve navigability on the 323 km. stretch 
from Lyons to Saint-Louis-du-Rhoéne. Signs of this 
improvement are already apparent since Donzére- 
Mondragon has been put into operation. Moreover, 
the new power stations will add 870 MVA capacity 
to the energy derived from the Lower Rhéne. (Marc 
Henry, ingénieur en chef des Ponts-et-Chausses, 
Travaux, Vol. 40, No. 259, May 1956, p. 287, 16 pp., 
1 6ff.) 


Prutz-Imst Power Station 

A detailed description, in two instalments, is given 
of the mechanical and electrical equipment of this 
plant, which constitutes a stage in the Inn Develop- 
ment, and was scheduled to start generation this 
summer. The intake of the plants stands to the north 
of Prutz, at Runserau, where the river makes a sharp 
bend. The power tunnel, 12°5 km. long, cuts across 
the Inn loop, creating at the Insterau underground 
powerhouse a useful head of 121-7 m. in summer, 
varying in winter between 135-2 and 142 m. The 
generating equipment consists of three 40 MVA sets, 
each driven by a 36,000 to 46,000 h.p. Francis turbine. 
(Dipl. Ing. Dr. Techn. Hermann Wagensonner, OZE, 
Vol. 9; No. 2, February 1956, p. 34; No. 3, March 
1956, p. 65; 20 pp., 27 ff.) 


Flow Velocity Research 

Two new formulae are presented, one for non- 
scouring and the other for non-silting critical veloci- 
ties in erodible channels. The formulae take into con- 
sideration all the important variables, including silt 
charge, channel-bed conditions and _ channel-bed 
material characteristics as factors; they are, therefore, 
comprehensive in nature and do not have the limita- 
tions of Kennedy’s and Lacey’s formulae. The formu- 
lae have been mathematically derived. Since all the 
factors contained in the formulae can be evaluated 
either directly or through laboratory tests, the author 
believes that his formulae will be of great practical use 
for designing canals running through any type of soil 
and carrying either clear or muddy water. (B. Behera, 
Executive Engineer, Hirakud Dam Project, /rrigation 
& Power, Vol. 13, No. 2, April 1956, p. 254.) 


Glockner-Kaprun Scheme 

On the occasion of the inauguration of the Glock- 
ner-Kaprun installations, the undermentioned journal 
published a special issue which contains no less than 
19 articles on various aspects of this great develop- 
ment. A detailed description of this group of plants 
is given by the Technical Management of the Tauern- 
kraftwerke AG, on p. 102 (19 pp., 23 ff.); the folder 
accompanying this survey shows in colour a detailed 
1 : 50,000 map of the whole development on one side 
and, on the other side, an impressive artist’s view of 
the general layout of the installations within the Hohe 
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Tauern mountain range. Out of this interesting series 
of articles and reports, we should like to draw atten- 
tion to the following:— 

A. Kothbauer: Energy production and operating 
aspects of planning, p. 120, 9 ff. 

E. Hédl: Practical experience gained at Kaprun in 
actual service, p. 128, 10 ff. 

R. Spitzer: Hydraulic and mechanical safety devices 
of the Kaprun Upper Plant, p. 133, 5 ff. 

J. Gétz & N. Bayerl: Remote Control Installations 
and Equipment, p. 142, 4 ff. 

J. Gotz & A. Gutsmann: Pipe-burst protection at 
the Kaprun plants, p. 145, 3 ff. 

J. Gotz & A. Gutsmann: Hydraulic Measuring and 
Recording Apparatus, p. 148, 2 ff. 

A. Wobornik: Storage Pumping at Kaprun and 
Frequency Co-ordination with the Limberg Power- 
house, p. 152, 3 ff. 

A. Wobornik, R. Swoboda and O. Bauer: Erection 
Practice at the Kaprun Upper Plant, p. 156, 5 ff. 

A. Krobshofer: Control Measurements of Dam 
Behaviour in Actual Service, p. 166, 5 ff. 

(OZE, Vol. 9, No. 4, April 1956, 96 pp., 93 ff., 1 
folder). 


Dam Construction 
A review is given of the development of dam con- 
struction in Switzerland during the past ten years in 
connection with structures erected in high moun- 
tainous regions. Concrete dams and earthfill dams are 
dealt with in separate sections. (Dipl. Ing. M. Oswald, 
OZE, Vol. 9, No. 5, May 1956, p. 208, 9 pp., 20 ff.) 


Independent Drives for Ancillary Machinery 

In view of the difficulties and losses which may arise 
in a hydro-electric plant in the event of a failure in 
the generating sets supplying ancillary equipment, the 
author advocates the adoption of independent mech- 
anical drives (e.g. diesel engines) for important auxili- 
ary machinery such as the oil pump of the governor, 
cooling water pump, and other auxiliary water and 
oil pumps. (Dipl. Ing. Walter Urban, OZE, Vol. 9, 
No. 5, May 1956, p. 218, 1 f.) 


Montélimar Power Canal 

The Rhone River has no major tributary between 
Montélimar and Donzére and yet the installed dis- 
charge is not the same for these two installations; 
however paradoxical it may appear, it is the upstream 
plant which has the greater discharge. This was 
decided in view of the fact brought to light by an 
economic survey that, at Montélimar, the extra ex- 
penditure involved by raising the installed discharge 
from 1,530 to 1,850 cu. m. per second was so small 
that it did not affect the profitability of the plant, 
taking into account the maintenance costs of the six 
45,000 kW generating sets which were designed for a 
discharge of 310 cu. m. per sec. each. The maximum 
head is 19 m. The power canal has a cross-section of 
about 1,320 sq. m. at normal El. 77 which corres- 
ponds to an average velocity of 1-4 m. per sec. at 
maximum discharge; its length between the intake and 
the Henry-Poincaré Power Station is 11,640 m. The 
first instalment of this comprehensive survey includes 
detailed descriptions of the dike built on the edge of 
the left bank of the reservoir upstream of the dam, 
and of the supply canal between the intake and the 
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Henry-Poincaré plant. The second instalment de 
with the earthwork and concrete structures separate 
and describes how the work is done. (J. Bou 
Construction, Vol. XI, No. 5, May 1956, p. 131, 8 pg 
16 ff.; No. 6, June 1956, p. 173, 9 pp., 13 ff.) 


Bhakra-Nangal Project 

Following the commissioning of the Gangu 
power house in January 1955, the inauguration of th 
Kotla plant on June 9, 1956, marks the second ste 
towards the realization of the Bhakra-Nangal proje¢ 
A short but comprehensive description of the n 
plant is given. The Kotla power house incorpora 
all the novel features of a modern generating pla 
both in its building (220 ft. x 57 ft.) and layout a 
also in its generating machinery (two 24,000 kW uni 
driven by 33,500 h.p. Kaplan turbines), auxiliary se 
vices and protective devices. Space for the installatia 
of a third generating set is provided. An outstandin 
feature of the Kotla plant is the remote control sy 
tem which enables it to be run and operated by th 
staff of the Ganguwal station. A carrier communi 
tion network connects up Kotla with its various im 
portant grid sub-stations. The excavation work fg 
the main power house building was started 225 f 
below natural ground level and 91 ft. below the sub 
soil water table, to ensure stability of the foundatio 
(T. S. Sodhi, Indian Journal of Power River Vall 
Development, Vol. VI, No. 7, July 1956, p. 3 to 
4 ff.) 


Concrete Tunnel! Lining after Twenty 
Years in Use 

A recent examination of the outlet tunnels at Mi 
souri River’s Fort Peck dam, uninspected since the 
were put in operation almost twenty years ago, prove 
the soundness of their design and construction. Th 
condition of the four tunnels is excellent. The amour 
of repair required was negligible, and the watertigh 
hair-lines were practically the only changes ascer 
tained; the tunnels should last out the normal expecteé 
life of the project, with little maintenance for man 
years to come. (Engineering News-Record, Vol. 15 
No. 16, Oct. 18, 1956, pp. 33/34, 3 ff.) 


CLASSIFIED ADVERTISEMENT 





Announcements for this column can be accepted up to the 8th 
of the month for the following month’s issue. The charges an 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 


Appointment Vacant 


CENTRAL ELECTRICITY AUTHORITY require an 
ASSISTANT ENGINEER (HYDRO-ELECTRIC) in the 
Generation Design Branch at Headquarters, London, S.E.1, 
to assist in the technical and economic investigation of 
hydro-electric and related projects, the development of 
designs and layouts and the general co-ordination of design 
and administrative work during the construction stages. Can- 
didates, who should have an engineering degree or equiva- 
lent qualification, should be primarily civil engineers. A 
knowledge of hydro plant would be an added advantage. 
Salary within £1,045—£1,395 p.a. according to qualifications 
and experience. Application forms from D. Moffat, Director 
of Establishments, Winsley Street, London, W.1, should be 
= and returned by 10th January, 1957. Quote ref. 
AE/939. 
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